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Abstract

Reducing the gender gap in education is a primary goal for many countries. Some major challenges for many
girls include the distance to school, their safety when commuting to school, lack of agency, and deep-rooted
cultural norms. In Zambia, we studied the impact of providing a bicycle to a school-going girl who lives
more than 3 km from the school. We randomized whether a girl received a bicycle with a small cost to her
family to cover replacement parts, a bicycle where these costs are covered by the program, and therefore is
zero cost to the family, or a control group. One year after the intervention, we find that the bicycle reduced
average commuting time to school by 35%, reduced late arrival by 66%, and decreased absenteeism by 27%.
We find continued improvement in girls’ attendance and reduction in dropouts two, three, and four years
after the intervention. We also find evidence of improved math test scores, girls expressing higher feelings
of control over their lives and, for those who received bicycles with a small cost to her family, higher levels
of aspirations, self-image, and a desire to delay marriage and pregnancy. Heterogeneity analysis by distance
to school shows an inverted U-shape for most of the schooling and empowerment results, suggesting greater
impact for girls that live further away from school. These results suggest that empowerment outcomes worked
through increased attendance in school.
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“I first received it, I was everywhere [riding the bicycle all the time] and I never used to carry anyone on the
bicycle ... I used to clean it whenever another person touches ... When you ride a clean bicycle you even feel like

a queen.” - Girl from a treatment school

1 Introduction

Despite considerable progress in closing the gender gap in education, there still exist several barriers
to human capital accumulation for girls in developing countries.! Significant barriers among these
include distance to school (Muralidharan and Prakash, 2017), safety and violence (Borker, 2020), lack
of agency (Dupas, 2011; Field and Ambrus, 2008; Jensen, 2012), and deep-rooted cultural norms (Jay-
achandran, 2015). Addressing these gender-specific barriers to human capital accumulation is a ma-
jor policy goal for developing countries due to their far-reaching implications on the well-being of
women (Lundberg and Pollak, 1993; Duflo, 2012) and country’s growth and development (UNDP,
2008; Antonopoulos, 2009).

In this paper, we study if providing a bicycle to an adolescent girl, which directly alleviates her
distance and safety costs of education, can lead her to having more education and higher measures of
empowerment. These costs are especially relevant in rural Zambia where almost 98% of the girls in our
sample walk to school. On average, the girls surveyed in our sample travel approximately 110 minutes
one way to school, and 35% report being sexually harassed during their commute.? Prior literature
suggests that there is a detrimental impact of distance to school on girls” enrollment (Muralidharan and
Prakash, 2017; Hawke, 2015), and lack of safety on women’s human capital attainment (Borker, 2020;
Evans et al., 2021b). Furthermore, walking long-distances to school can affect the intensive margin
of learning through its impact on student absenteeism and punctuality.®> In addition, concerns for
personal safety do not only have immediate consequences on women’s physical and psychological
well-being, but they also have an impact on long-term decisions such as employment choices.* A

policy aimed at transforming girls’ lives by alleviating some of the costs of education is important for

'Women have more education today than they did fifty years ago in every country in the world (Barro and Lee, 2013),
however, adult women still have less education than men in more than two-thirds of the world’s countries (Evans et al.,
2021a).

2 Although long-distances to school is a problem for everyone, it is especially critical for girls who reach puberty around
this age and face additional risks, including the danger of being assaulted on the way to school (Hawke, 2015).

*National Assessment results in Zambia show that the longer the distance pupils traveled to school, the lower their
learning achievement (UNICEF, 2014).

*Women are willing to receive a lower payment in an experiment that involves a potentially dangerous journey to the lab
(Becerra and Guerra, 2021), or work fewer hours after working hours in academia (Trawalter et al., 2020).



Zambia, and for other developing countries.”

We study the impact of providing bicycles to adolescent girls by experimentally varying the distri-
bution of bicycles to girls in school. We hypothesize that the provision of a bicycles — which experimen-
tally varies the commuting costs to school — will have an impact on girls” empowerment and educational
outcomes. First, we expect the provision of bicycle — owning a relatively valuable asset — to have an
impact on empowerment outcomes for girls. Scholars of the women'’s suffrage movement, including
Susan B. Anthony in the United States, have highlighted the role that bicycles played in empowering
women in the 19"* century by enhancing their independence, control, self-reliance, self-respect, mo-
bility, and freedom (Macy, 2011). There is also a sizable literature that suggests that providing assets
to adolescent girls improves their empowerment outcomes through increased self-confidence, raising
their aspirations, and increasing their autonomy over important life decisions.® Second, by decreasing
the daily distance cost of school attendance, we expect an impact on access to education.” Further, we
expect bicycles to provide a safer way of traveling to school, which could further improve girls” access
to education and empowerment outcomes.® And, finally, we expect improvements in female empow-
erment and educational outcomes to bolster each other (Samarakoon and Parinduri, 2015; Cannonier

and Mocan, 2018; Kaffenberger et al., 2018; Ashraf et al., 2020; Kjelsrud et al., 2021).

We implemented this randomized controlled trial in 100 schools in collaborations with the World
Bicycle Relief (WBR) and the Ministry of General Education in Zambia. WBR provided bicycles to
adolescent girls in grades 5, 6, and 7 who live more than 3 kms away from school. The bicycle was given
on the condition that it be used primarily for attending school.” We randomly divided the schools into
two treatment groups and a control group. The two treatment groups differ in the obligation of the
parents/guardians to pay a small upfront payment at the time of receiving the bicycle. In the ‘Payment
Arm’ (25 schools), the parents pay a small upfront amount (= $5)*° to cover replacement parts, while

in the "No Payment Arm” (20 schools), parents pay nothing ($0) to cover replacement parts. Across

°Zambia has one of the highest levels of gender inequality in the world. It is ranked 116 out of 145 in the World Economic
Forum'’s Global Gender Gap Index for 2015.

®See Dickson and Bangpan (2012) for a review of the papers examining the impact of providing economic assets to young
girls in low- and lower-middle- income countries on their psychological well being.

"Muralidharan and Prakash (2017) study a state-wide cycling program in the Indian states of Bihar and find that the
policy increased girls” enrollment in secondary schools by 32% and reduced the gender gap by 40%. The study also finds an
18% increase in the number of girls who appear for the high-stakes secondary school certificate exam and a 12% increase in
the number of girls who pass the exam.

8Borker (2020) finds that women in Delhi, India choose worse education outcomes for themselves in order to avoid street
harassment, and that they are willing to incur an additional expense of USD 310 per year to travel by a route that in one
standard deviation safer.

°This is enforced by a Bicycle Supervisory Committee (BSC), which includes members of the community and the school,
using their own set of rules.

0This is about 6.5% of the average rural monthly household expenditure in the Southern Province (CSO, 1991-2017).



the two treatment groups, 2,471 girls received the bicycles, with compliance of 99.99%.!! There was no

differential take-up by the two treatment groups. The remaining 55 schools are in the control group.

Optimal pricing of goods with large spillovers is of considerable policy interest, as prices affect not
just the demand for goods, but also their utilization (Morgan, 2010). Proponents of the “cost-sharing”
method argue that usage intensity will be higher, as charging positive prices can have a psychological
effect on consumers, inducing them to commit the “sunk cost fallacy” (Arkes and Blumer, 1985; Thaler,
1980).12 Thus, charging a small upfront cost in the ‘Payment Arm’ could induce parents to push their
girls to use the bicycle more. At the same time, the “act of payment” acts as a signal of quality (Cohen
et al., 2010) or, in this context, a signal of parents” willingness to invest in girls” education, which
could independently improve their self-worth and related empowerment outcomes. On the other
hand, charging a “zero price” and taking away the monetary aspect of the transaction can induce
feelings of social and moral relationship, thereby reducing improper usage of the product (Ariely
etal., 2018). Specifically, it is likely to reduce occurrences of misuse of bicycles by the parents, making
the ownership of bicycles more salient for the girls in the ‘No Payment Arm’. Therefore, conceptually
it is not obvious if the impact of the program will be larger for the ‘Payment Arm’ or the ‘No Payment
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Arm’.

The intervention had an impact on several outcomes that were pre-registered at AEARCTR-0003339
(details in Section 4.4.4). First, we measure the impact of the intervention on four first-stage outcomes,
those that relate to the reduction of distance cost of school attendance, both in terms of distance and
safety concerns. One year after the intervention, the girls in the pooled treatment group (‘Payment
Arm’ + ‘No Payment Arm”) were 88% more likely to have access to a bicycle vis-a-vis girls in the
control group. The time they took to commute to school decreased by about 35 minutes one way,
which translates to a 34% decrease from the baseline commuting time.!> The intervention improved
the perception of safety for the girls in the treatment schools by 0.11 standard deviation (s.d) and
improved self-reported measures of safety. In particular, the intervention reduced the probability of
girls being teased or whistled-at on the way to school by 22%, and the probability that a girl missed
school or left for home early from school due to concerns of safety by 39%. The impact on safety is

especially relevant since 35% of the girls in baseline reported being harassed on their way to school.

"Only 1 girl out of the 2,471 selected refused the cycle as reported by the World Bicycle Relief.

2There are also additional selection effects of charging positive prices, which can increase usage intensity by screening
individuals with the greatest propensity to consume (Oster, 1995; Ashraf et al., 2010), but can also dampen demand and
reduce program coverage substantially (Cohen et al., 2010). These effects are not applicable in our context since take up is
100% in all treatment arms.

3This is a self reported measure asking the girls how much time it took them to get to school in the previous week.



Second, we find that the provision of bicycles led to an increase in empowerment outcomes for
the girls in the treatment schools. Overall, the index of empowerment improved by 0.12 s.d for girls
in the pooled treatment group compared to those in the control group. Specifically, the interven-
tion improved the girls” locus of control, bargaining, pro-sociality, and self-image, but did not have a
significant impact on their mobility, aspirations, or desired fertility. We find that the index of locus
of control increased by 0.18 s.d, bargaining by 0.21 s.d, and pro-sociality by 0.15 s.d for girls in the
treatment schools for the pooled treatment (‘Payment Arm” + ‘No Payment Arm”). Furthermore, the
intervention improved the index of aspirations by 0.12 s.d, and desired fertility and age of marriage by

0.18 s.d for the girls in the ‘Payment Arm’ but not for those in the ‘No Payment Arm’".

Third, the intervention improved several measures of educational outcomes for girls in the treat-
ment schools. We find that the intervention reduced overall self-reported absenteeism in the previous
week by 29%, which translates to an addition of about 5 school days per academic year. Furthermore,
the intervention also reduced self-reported number of days the girls arrived late to school in the pre-
vious week by 1.45 days, which translates to a 66% reduction vis-a-vis the girls in the control group.
Finally, we find that the intervention improved Mathematics test scores by 0.11 s.d, but had no impact
on English test scores.!* The effect size on Mathematics test score is consistent with the literature on
conditional and unconditional cash transfer, which concludes that the effects of these interventions on

student achievement are small at best (Baird et al., 2013).1

Fourth, we collected administrative data on attendance, dropouts, and grade-transitions in 2019,
and when the schools reopened after COVID-19 in 2020 and 2021. We find the impact on school at-
tendance to persist several years after the intervention (in 2019, 2020, and 2021). Although we did not
find an impact on dropouts and grade transition one year after the intervention in 2018 as measured
at the endline (the mean for dropouts was 6%, and for grade transition 95% in the control group),
we find a 17% decline in dropouts in 2021 (37% in 2019, 21% in 2020), and a 19% increase in grade-
transition in 2021, using administrative data from the schools. These impacts are not only sizeable but
especially important from a policy standpoint due to the overall worsening impact of COVID-19 on

human capital accumulation.

Fifth, we collected data on time-use and found that the intervention led to a decrease in time spent

4 Although moving test scores is non-trivial in the education literature, the strong association of the intervention with
Mathematics test scores is consistent with the literature that finds Mathematics achievement to be more responsive to inter-
ventions changing curriculum or instruction time (see Cronin et al. (2005)).

>The meta-analysis by Baird et al. (2013) suggests a pooled effect sizes in the range of 0.04-0.08 standard deviations,
respectively, for Unconditional Cash Transfer and Conditional Cash Transfer interventions.



on income-generating activities for the girls in the treatment schools. We believe this is driven by the
positive income effects a bicycle generates for the family (e.g. parents can use the bicycle to sell milk on
weekends) and/or the change in value a family places on education vis-a-vis engaging in short-term

income-generating activities.

Finally, we examine the heterogeneity in the impact of the program by baseline time taken to travel
to school. Results suggest that the intervention relaxed the distance constraints for girls living further

away from school,

who experience a greater reduction in time taken to travel to school and in the
number of days they arrive late to school than girls in the control group. However, it is the girls in the
middle tercile who experience the greatest reduction in absenteeism. Overall, these results suggest

that the distance costs are still large for girls living the furthest from the school or that these girls face

additional constraints.

This paper contributes to the literature aimed at finding solutions to empower adolescent girls
in low-income settings. While much of the literature has focused on the adult female population,
only a handful of papers have aimed at improving the empowerment of adolescent girls.!” Some
of these interventions have looked at the impact of relaxing women’s human capital constraints in
Uganda (Bandiera et al., 2020), teaching adolescent girls with negotiating skills training in Zambia
(Ashraf et al., 2020), teaching life skills to girls in India (Edmonds et al., 2021), or effect of role models
(La Ferrara et al., 2012; Riley, forthcoming) on measures of economic empowerment, fertility, educa-
tion, and labor force participation. Although the above-mentioned studies attempt to directly change
women’s empowerment, ours does so in a less-salient way through an improvement in education, lo-
cus of control, bargaining, pro-sociality, and self-image. We further contribute to a small set of papers
that show the impact of safety on women’s behavioral response (Keane, 1998), human capital accumu-
lation (Borker, 2020; Evans et al., 2021b), and mobility patterns (Hsu, 2011; Porter et al., 2011). More
specifically, we are not aware of any intervention that studies the impact of providing bicycles (or an
asset transfer) to adolescent girls in a resource-constrained environment on female empowerment and

safety.

Second, we contribute to the literature that examines the impact of access to school on girls” edu-
cational outcomes. A standard policy response to address the problem of school access has been to

construct schools. Several studies have shown the positive impact of school construction programs

'*This includes girls in the middle and top tercile in terms of distance from school.
”Heckman and Mosso (2014) argues that interventions targeting adolescent girls are likely to have higher returns than
later timed interventions.



on enrollment and completion (Birdsall et al., 1985; DeTray, 1988; Lillard and Willis, 1994; Lavy, 1996;
Duflo, 2001; Burde and Linden, 2013; Kazianga et al., 2013; Azam and Saing, 2017; Khanna, forthcom-
ing). However, we are not aware of any study in a low-income setting that shows that experimentally varying
commuting costs affect educational outcomes. Although Muralidharan and Prakash (2017) studies the
impact of a cycle program in India on girl’s enrollment and school completion; and Kjelsrud et al.
(2021) studies the impact of the same program on the agency of non-targeted females, this paper ver-
ifies through a proof of concept that difficulties of commuting to school impact girls” empowerment,

safety, and education outcomes.

Third, we contribute to the large number of papers studying the impact of conditional transfers
on schooling outcomes. The majority of the well-identified studies find a positive impact on girls’
enrollment and attainment (Fiszbein and Schady, 2009; Barrera-Osorio et al., 2011; Baird et al., 2011;
Filmer and Schady, 2011; Heath and Mobarak, 2015; Chaudhury and Parajuli, 2010); however, the
evidence of impact on test scores is weak (Baird et al., 2013).!® Taken together, our findings suggest
that policies such as providing bicycles that reduce the daily commute time to attending school can be
a viable short-to-medium run solution, especially when the trade-off between school access and scale

is of first-order concern.

Finally, this paper also contributes to the growing debate on external validity around experimen-
tal and non-experimental studies (Dehejia et al., 2019; Gechter, 2015; Vivalt, 2019; Kowalski, 2019).
Although Muralidharan and Prakash (2017), which was a non-experimental study of a large-scale cy-
cling program for adolescent girls in India, only studies the impact on enrollment and school comple-
tion, the similarity of results for schooling outcomes suggests that identifying underlying mechanisms
can play an important role in understanding the challenges around replicability and external validity

in international development.

2 Context

Zambia is a landlocked country and home to over 17 million people. The national education system
in Zambia is divided into the following levels of education. Primary education begins at age 7 and has

a duration of 7 years [divided into lower basic grades (1-4) and middle basic grades (5-7) ]. The entry

!8See Fiszbein and Schady (2009); Rawlings and Rubio (2005) for a review of this literature, and Baird et al. (2013) for
a review on the relative effectiveness of conditional and unconditional cash transfers for schooling outcomes in developing
countries.



age for lower secondary education (upper basic education) is 14 years, and it lasts 2 years. Upper
secondary education begins at age 16 years, and it lasts 3 years. Finally, tertiary or post-secondary

education begins at age 19.

Although Zambia has made remarkable progress in improving access and equity in education,
and provides close to universal education at the primary level, with a gross enrollment ratio (GER) of
108% in 2013 (UNESCO, 2016), there exist considerable disparities in terms of absenteeism, dropout,
and performance for girls at above primary level (Mwanza, 2015). For example, Zambia’s GER for
girls drops to 61% in the lower secondary level and, starting in grade 6, significantly more girls leave
school than boys (Bank, 2015). Student performance is among the lowest in the region according to
the 2007 Southern Africa Consortium for Monitoring Educational Quality (SACMEQ). Transitioning
to and completing secondary schooling is challenging for girls due to several barriers including, school
fees, opportunity costs, and most importantly, long distances to school. The transition also coincides
with lack of menstrual hygiene facilities in the schools, parents under-estimating the returns from

secondary education, teenage pregnancy, and child marriage (UNICEF, 2014).

Overall, despite striking progress in increasing overall enrollment, Zambia needs to reduce gen-
der gaps in absenteeism, dropout, and educational attainment, for adolescents, especially at the above
primary level. This will require addressing both the supply of and demand for education constraints.
In this study, we address both constraints. We partnered with World Bicycle Relief (WBR) and the
Ministry of General Education in Zambia to test the impact of a program that provided a bicycle to
a school-going girl on measures of education and empowerment. This intervention mimics a condi-
tional in-kind transfer program and has features of both demand and supply-side interventions (Mu-
ralidharan and Prakash, 2017). WBR provided bicycles if a student was enrolled, which is similar to
demand-side conditional cash transfer programs, but access to bicycles reduces the daily distance cost

and improves the safety of girls while going to school, which is similar to supply-side interventions.

3 Design and Methods

3.1 Treatment Arms

This experiment is a multi-treatment design with 100 schools randomly allocated to one of two treat-

ment groups or a control group.



3.1.1 Payment Arm (T1)

The first treatment used the same model as the Bicycle Education and Empowerment Program (BEEP)
that WBR has rolled out in 19 districts in Zambia since 2009.! In BEEP (or Payment Arm), students
received a bicycle on the condition that the bicycle is used primarily to travel to school.?’ Furthermore,
a contract signed between WBR and the student prevents the sale of the bicycle for four years after it
is signed. A Bicycle Supervisory Committee (BSC) was in charge of monitoring the program at the
school level. Furthermore, a field mechanic was trained for each school, who provided maintenance
checks, repairs, and cover replacement parts for a small fee (roughly 50 Kwacha ~$5) that was borne
by the beneficiary students’ families. Most importantly, this fee also covered the spare parts kit for the

bicycles. We randomly selected 25 schools for the Payment Arm.

3.1.2 No Payment Arm (T2)

The second treatment is a slight modification of the BEEP (or Payment Arm) intervention. Similar to
the Payment Arm, students still received a bicycle on the condition that the bicycle be used primarily
to travel to school, a BSC was formed, and a field mechanic was trained for each school, who provided
maintenance checks, repairs, and cover replacement parts. However, no fee was charged from the

beneficiary students’ families. We randomly selected 20 schools for the No Payment Arm.

3.1.3 Control Group

Students in the control group did not receive bicycles. We randomly selected 55 schools for the control

group.

3.2 Sample Selection, Randomization, and Timeline

World Bicycle Relief conducted an initial needs assessment in several districts in Zambia to identify
three districts where students walked long distances to school where the program was not already be-

ing implemented. The three districts were Monze, Mazabuka, and Kalomo, in the Southern province.

YWorld Bicycle Relief, an organization that has worked in Zambia since 2009, and distributed over 183 thousand bicycles
worldwide.

“The contract that World Bicycle Relief signs with the student stipulates that “As custodian of this bicycle, I agree that
this bicycle shall be used primarily for the purpose of improving access to education: students and teachers to attend school
faithfully and timely; teachers to access pupils not attending school and professional district resources; and community
supporters to support the efforts of the school to improve educational outcomes”.



This province is characterized by low population density and rural settlements, which makes distance

a barrier for accessing basic services.

Within the three districts, a total of 100 schools were randomly selected from all public schools
that met the following criteria.?! First, each school had at least 20 gitls enrolled in grades 5, 6 and 7,
who walk more than 3 kms to school. Second, schools are basic schools, i.e., their starting grade is
1 or lower and their last grade is beyond grade 7 (end of primary) up to grade 9 (last grade before
secondary education). WBR worked with the schools to compile a list of students in grades 5, 6 and 7
who walked more than 3 kms to school. Teachers generally knew the distance students walk and were
able to provide accurate information on where girls lived. We also confirmed the distance from school
during the baseline survey. From the list of eligible girls in each school, we randomly selected 25 of
them to be part of our survey, for a total sample of 2,471 girls. The schools were randomly assigned
to one of the two treatment groups or control within each district.?* Finally, the randomization was

stratified by district.

We describe the sampling procedure and field protocols in detail in Appendix Sections B and C,
respectively. In schools assigned to receive the intervention, WBR worked with the schools to select
a Bicycle Supervisory Committee (BSC), consisting of 10-12 members that comprised teachers, Par-
ents and Teachers Association (PTA) members, local leaders, and student representatives. All girls
belonging to the original list of eligible girls (not only the 25 that were part of the survey) received a

bicycle.??

Baseline data was collected during the second term of the 2017 school year (July to August 2017).%4
The bicycles were distributed to girls in schools during the third term of the 2017 school year (Septem-
ber to November 2017). Distribution was done with all girls at the same time in a special event orga-
nized by WBR. The endline survey was implemented one school year after the bicycles were distributed

(October to December 2018). See Figure A.2 for the timeline of the intervention.

Z'Monze (44 schools out of a total of 135 schools), Mazabuka (20 schools out of 81), and Kalomo (36 schools out of 124).

2 Appendix Figure A.1 shows the distribution of the schools in the study sample across the three districts.

BIf there were multiple girls from the same household, only one bicycle was given to them.

1t took place between 5" July and 10"" August 2017, and the team (supervisors and surveyors) worked 21.5 days in the
schools, over a period of 5 weeks. The baseline was first launched in the district of Monze and our team spent 9 days visiting
all of the 44 schools. The team then moved to Mazabuka and spent 4 days to visit all of the 20 schools in the district in 4
days. Finally, the team spent 8.5 days to visit all of the 36 schools in the district of Kalomo.



4 Data Collection and Validity

The empirical analysis uses both survey and administrative data collected from schools, students,
and head-teachers over the course of the study (see Appendix Section C for Field Protocols). The
research team used a variety of methods to collect data from students, and head-teachers (or acting

head-teachers).

4.1 Surveys

We administered a 40 minute face-to-face survey to girls in the sample using a tablet to collect data
on primary outcomes (see Appendix Section A for list of variables collected), a paper-based survey to
collect data on sustained attention (D2 Test) which lasted 10 minutes, learning assessments in English
and mathematics which lasted 25 minutes, and a semi-self-administered survey to collect data on
questions that were sensitive which lasted 10 minutes. Throughout the girls surveys, particular care
was taken to ensure privacy: girls were interviewed by themselves, without interference from teachers,
head-teachers, or classmates. Only after the face-to-face survey ended with a girl in the school did the
enumerator start the next survey. Finally, we also administered a 40 minute face-to-face survey to

head-teachers (or acting head-teachers) using a tablet to collect data on school characteristics.

4.2 Administrative Data

The research team collected administrative data on student attendance, grade transition, and dropout
in October-December of 2019, 2020, and 2021 (two, three, and four years after the start of the interven-
tion). In 2020, the data on school attendance was collected for the first term of 2020, before the schools
closed because of the COVID-19 pandemic. The data on grade transition, and dropout was collected
after the schools reopened in October 2020. The team created a data collection form, where schools’
principals and teachers filled out the information manually for the girls in the study sample, identified
by their first and last names. The Monitoring and Evaluation team of WBR audited the veracity of the
data by going to the schools and checking with the girls, with teachers, and looking at the registers.
In 2019 they audited 55% of the schools; in 2020 49%, and in 2021 97%. Finally, the data was entered
into an electronic form and merged with the primary dataset, using a fake identifier. This was done
to ensure the privacy of the girls in the study sample and to make sure that the team in the field had

no access to data from the primary survey.

10



4.3 Outcomes

We pre-specified the following outcomes for the endline (see Appendix Section A for list of primary

outcomes) in the pre-analysis plan (PAP) registered at RCT ID: AEARCTR-0003339.

First Stage Outcomes: We first report the impact of cycles on various measures of distance cost of
attending school: (i) Access to the cycle; (ii) Travel time to school; (iii) Index of perceived safety; and two
measures of actual safety; (iv) Probability of being teased on the way to school; and (v) Probability of missing

class because of safety concerns.

Educational Outcomes: We use four measures of educational outcomes.?”> They are: (i) Days absent,
which is a self-reported data on days absent in the previous week; (ii) Days late to school in the previous
week; (iii) Dropout, which is a dummy variable if the girl dropped from the school at the endline; and
(iv) Grade transition, which is a dummy variable if the girl progressed to a higher grade, conditional

on not dropping out.

Academic Performance: We measure performance using both test scores and a measure of focus. We
administer (i) English and (ii) Mathematics tests to measure students’ learning outcomes. Both tests
were based on the tests administered at the national level by the Examination Council of Zambia for

Grade 5 (see Appendix Section F for the list of questions).

Regarding the Index of Focus, we use the D2 test. The D2 test consists of 14 lines with 47 characters
in each line. This character is a letter “d” or “p” marked with small dashes either above or below.
The respondent has 30 seconds per line to circle the letter “d” with two marks, above or below in any
order (see Appendix Section G for an example of the test). The D2 test measures (i) Speed, which
is the total number of observations processed in the D2 test; and (ii) Accuracy, which is the correct

number of observations processed in the D2 test. We also combine these to create an Index of Focus

using Anderson (2008).

Empowerment Outcomes: We use girls” responses to 39 individual questions (Appendix Section A
lists the individual variables used in the indices) on various indicators of empowerment to construct
one main index. This index measures the effect on all dimensions of empowerment. We also construct
several sub-indices that will give us more detailed information about the specific aspects. The sub-
indices are the following: (i) Index of Mobility; (ii) Index of Aspiration; (iii) Index of Locus of Control;
(iv) Index of Marriage and Fertility; (v) Index of Bargaining; (vi) Index of Pro-Sociality; and (vi) Index of

PWe also collected administrative data on school attendance, dropout, and grade-transition 2-3 years after the monitoring
ended.
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Pro-Sociality.?® These indices include variables in which the higher value indicates a better or positive
outcome. We interpret a positive value in the index as higher empowerment. The variables used to
measure empowerment of girls has been validated and used by Kabeer (1999); Laszlo and Grantham

(2017); Dhar et al. (2022).%7

Each index mentioned above is constructed by aggregating responses to several individual ques-
tions into an index, which is a weighted average value of the individual variables, with weights con-
structed by normalizing the variables to have the same s.d and then recovering the weights from the
inverse covariance matrix, following the approach described in Anderson (2008) (for details on the

steps for index construction see Appendix Section E).

Time Use: We measure how girls spend their time on different activities during a normal weekday
(Appendix Section A lists the individual variables to measure various activities). These activities are:
(i) School chores; (ii) Extra-curricular activities; (iii) Studying and homework; (iv) Household chores; (v)

Engaging in income generating activities; and (vi) Spending time with friends.

These are categorical variables that specify the amount of time spent by the girl on a particular
activity. They take the value of 0 if the girl spent no time doing that activity, 1 if she spent less than 30
minutes, 2 for between 30 and 60 minutes, 3 for between 60 and 90 minutes, 4 for between 90 and 120

minutes, and 5 for more than 120 minutes.

4.4 Integrity of the Experimental Design
4.4.1 Baseline Balance

We report the baseline characteristics of the schools by treatment status in Table A.2 and find that
the sample is balanced across most variables, except the number of girls’ toilets in the school. The
first panel reports the mean and the standard deviations of the baseline variables for the schools in the
respective treatment groups, and the second-panel tests for statistical difference across the two groups.
The schools in our sample on average have an enrollment of 680 students, equally split between boys
and girls. They employ an average of about 13 teachers, also equally split between male and female
teachers, about three-quarters of whom reside at the school premises. A large fraction of the schools

(~60%) have a sanitation program running, which is also confirmed by the presence of separate toilets

*The research team used a self-administered survey for questions related to safety, security, marriage, and fertility to
allow more privacy to the respondent and to avoid social desirability bias.
?See Glennerster et al. (2018) for a practical guide to measuring women’s and girls’ empowerment in impact evaluations.
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for girls and boys. Most schools have a computer lab (~ 95%). The schools are similar in the degree of
“remoteness”, as can be seen from their respective distances to closest the town (47 km), tarmac road

(25 km), and secondary school (20 km).

Similarly, we report the baseline characteristics of the girls in the two treatment groups in Ap-
pendix Table A.3 and find that the sample is balanced across most variables, except grade, number
of times girls eat meat in their meals, socio-economic index,?8 and self-esteem index. The first panel
reports the mean and the standard deviations of the baseline variables for the girls in the respective
treatment groups, and the second-panel tests for statistical difference across the two groups. The av-
erage age for girls in our sample is 13, with about 15% of them currently engaged or married, and 5%
being pregnant. The average household size of girls in the sample is 6 members, and 80% of them
have both parents alive. A third of the girls have repeated a grade in the past. These girls come from
extremely impoverished backgrounds, where they have not had enough food to eat in 1 out of the last
7 days. The girls are similar across the treatment groups in terms of the indices on the locus of con-
trol, and gender attitudes. These indices have been constructed using Principal Component Analysis.
Appendix Section A has a description of the variables in each of these indices, and their spread across

the two treatment groups.

We present a detailed description of the sampling of schools and girls in Appendix Section B.

Overall, we conclude that the randomization was successful.

44.2 Compliance

The allocation of the bicycles was carried out by World Bicycle Relief in partnership with the Ministry
of General Education in Zambia in the 45 schools in the treatment group. The distribution took place
within the schools and was considered successful by WBR and the research team. Only 1 girl out of

the 2,471 selected refused the cycle.29

4.4.3 Attrition

Overall, the attrition on outcome measures is below 9%. We follow a two-stage tracking method during

the endline. This method consists of a first step in which we attempt to interview the girls in the

®The socio-economic index is a Principal Component Analysis (PAC) index constructed by variables that indicate asset
ownership in the household.
®This information was provided by WBR monitoring team.
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school where they were enrolled during baseline interviews. We found 72% of the girls in this phase.
Of those not found in their initial schools, we randomly selected 50% to track in their households,
villages, and, if necessary, in other districts. We weighted the answers from those girls interviewed in
the second phase depending on the probability of being sampled in the analysis. This method allows
us to maximize the resources available and keep the effective attrition rate as low as possible. In the
first line of Table A.4, we present the attrition rate without considering the weight of the girls found in
the second stage of tracking by treatment arm. In the last row, we show the effective rate of attrition,
using the method described. The tracking rate of girls in the control group is lower (90%) than the
one in the two treatment arms (94% and 92%, respectively).>’ We find significant differential attrition
between the control group and the No Payment Arm. However, this difference is not a concern given

that the tracking rate is above 90% for all the groups.

Nevertheless, we checked whether the attritors are different from those that we interviewed in
the endline in any of the observable characteristics from baseline. In Table A.5, we see that none
of the indices at the baseline (socio-economic characteristics of the household, index of self-esteem,
index of locus of control, and index of gender attitudes) are significantly different for those students
interviewed at baseline and for those missing. Finally, we also estimate Lee bounds of the treatment
effects using Lee (2009) to consider the possibility that other non-observable variables are endogenous
to the treatments. We present the results in Tables A.6—-A.8 and find minimal differences between
upper and lower bounds of the treatment effects. Overall, due to the low attrition, our main results

are robust to Lee bounding.

4.4.4 Data Analysis

We evaluate the impact of providing a bicycle to a school-going girl on various measures of empower-
ment, safety, and educational outcomes. We collected a large number of outcomes through a primary
survey to study the impact of the intervention. For complete transparency, we follow the Pre-Analysis
Plan (PAP) which is available and timestamped at RCT ID: AEARCTR-0003339.3! The PAP specifies
the variables to be analyzed, construction of indexes, how we plan to address multiple inferences, the
empirical specifications we plan to use, and our approach for tracking and the handling of attrition.

The empirical analysis reported in this paper follows the PAP, however, we report results where the

%In Figure A.3 we present the numbers of girls that we interviewed in different phases of the project by treatment.
SIPAP registered at AEA RCT Registry: https://www.socialscienceregistry.org/trials/3339/history/34596
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analysis deviated from the PAP.? In such cases, we report these deviations and provide reasons for

them while discussing those results.>

5 Empirical Strategy

5.1 Reduced-Form Specifications

We estimate the intent-to-treat (ITT) impact of the cycles program for both the treatments together
(Payment Arm and No Payment Arm combined, relative to the control), and separately using the
following specification:

}/i,s,tzl =ag+oTs + O‘2Y;Z,s,t20 + €5 (1)

where Y] ;1 is the outcome variable of student i in school s as measured in post treatment, and Y; 5 ;—
is its baseline value. Ty is an indicator for the school assigned to the treatment group, and e; ; is the
error term.>* We cluster the standard errors at the school level in order to account for unobservable
correlations in girls at the same school, and also because the treatment was assigned at the school
level. For outcomes where we do not have baseline values, we do not include Y; 5 ;—¢ in the estimation.
Finally, 8; is our main coefficient of interest and provides the ITT effect, which is the effect of being

given a bicycle in 2017 on the outcome variable.

We further present the ITT impact of the cycles program by the two treatment arms, relative to the

control using the following specification:
Yisi=1 = Bo + BiPayment Armg (T'1) 4+ B2 No Payment Armg (T2) 4+ B3Y; s 1—0 + €i s (2)

where Payment Armg (T'1) and No Payment Armg (12) are indicators for being assigned to each of
the treatment groups and all other variables are the sample as in Equation 1. Finally, 8 and 3, will

provide the ITT effects for each of the two treatment groups.

*2A recent paper by Banerjee et al. (2020) discusses the costs and benefits of adhering to PAP, and recommends that the
final research paper be written and judged as a distinct object from the “results of the PAP”.

3In Appendix H, we used a non-survey method to elicit girls’ behavioral decisions. However, during the implementation
of the behavioral games, we encountered challenges related to the cultural aspects of giving students goods for free. In
this region of Zambia, receiving goods for free can be seen as an unfriendly act and some of the families were becoming
suspicious. Thus, we decided to discontinue the games not to harm the rest of the data collection exercise. Before we
discontinued the implementation, we had covered ten schools in the district of Monze. In this Appendix, we describe the
details of the behavioral games for transparency.

¥This is a deviation from the PAP where we had pre-specified our main analysis with controls. However, we include
a vector of individual level controls and present the results Tables B.1-B.6. Including controls does not change the main
results.
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5.2 Accounting for Multiple Comparisons

This study entails the analysis of different outcome variables; therefore, it is important to address
the concern of false positives. We address this by computing standardized indexes using Anderson
(2008) for several primary and secondary outcome outcomes. Furthermore, we include the tables
with multiple hypothesis testing correction in Tables A.9-A.13. To do that, we use the Benjamini and
Hochberg (1995) False Discovery Rate correction (as specified in the PAP).3> We show results with

the corrected p-values, where the corrections are made within outcome groupings.

5.3 Minimum Detectable Effect Sizes

We present the minimum detectable effect sizes (MDEs) in Table A.14 for our primary outcome vari-
ables. Due to very low intra-cluster correlation, the MDEs are generally very low. We are powered to

observe changes at or well below 20% for all outcomes.

6 Results

6.1 Impact of Cycles on First Stage Outcomes

We first report the impact of cycles on first stage outcomes, those that we expect the cycles to affect
directly: (i) Access to the cycle; (ii) Travel time to school; (iii) Index of perceived safety; and two measures
of actual safety: (iv) Probability of being teased on the way to school; and (v) Probability of missing class

because of safety concerns in Table 1.3

Panel A in Table 1 reports the results for the pooled treatment estimated using Equation 1. We
find that the girls in the treatment group were 88% (Column 1) more likely to have access to a bicycle
vis-a-vis gitls in the control group. Most importantly, the intervention reduced the one way commute
time to school by 35 minutes (Column 2). This corresponds to a one-third reduction in commuting

time.

In columns (3) to (5) we investigate the intervention’s impact on perceived and actual safety. The

index of perceived safety includes questions related to whether the girl feels safe moving around in

%In addition, we also use Westfall et al. (1993) and Holm (1979) to address the concern of false positives (not specified
in the PAP).
*Table A.1 provides the means and standard deviations of the variables in the estimation sample.
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the village and traveling to school. We find that the intervention improved the perceived safety of girls
in the treatment schools by 0.11 s.d. (Column 3). To get at the hard outcomes, we also asked questions
on two self-reported measures of safety.”” We find that the intervention reduced the probability that
a girl is teased or whistled on the way to school by 22% (Column 4). Furthermore, we also find that
the intervention reduced the probability that a girl missed school or left for home early from school

due to concerns of safety by 38% (Column 5).%

Panel B reports the impact of the intervention by the two treatment groups separately using Equa-
tion 2. We do not find any statistical difference in the outcome measures between the two treatment
groups. This is not surprising since the impact of cycles on first stage outcomes should not vary by
Payment and the No Payment treatment arms. All estimated impact remains significant when the

p-values are corrected for multiple hypotheses testing (Table A.9).

The results on girls’ safety are particularly important from the policy standpoint as approximately
35% of the girls report having been sexually harassed on their way to school in the baseline. There
is strong evidence that violence against women, including sexual harassment, has a negative impact
on psychological costs (Langton and Truman, 2014), human capital investments (Borker, 2020), labor
force participation (Siddique, 2018), and mobility (Hsu, 2011; Porter et al., 2011). Also, harassment
by strangers strongly impacts women’s perception of safety across social contexts (Macmillan et al.,
2000). We believe that the improvements in safety due to bicycles is likely to have a far-reaching impact
on girls” well-being.

Overall, it is reassuring to find that the intervention had a large and statistically significant impact

first stages outcomes.>’

¥These two outcomes were not pre-specified in the PAP.

% These results are consistent with the findings in the qualitative survey conducted by the research team. The following
quotes corroborates the results estimated in Table 1: “[When you are harassed], you can just ride your bicycle faster...because you
can ride the bicycle faster if he is walking." (Girl, Treatment School, Mazabuka)”; “The bicycle has contributed to their safety in the sense
that when they are done with school, they reach home faster and spend less time on the way. What used to happen before, was that they
reached home late and sometimes they could stop along the way to rest, which increased the chances of them being harassed." (Female
parent, Treatment School, Mazabuka)”.

39Primarily motivated by the likely decrease in time taken to reach school due to cycles, we present the impact of the
intervention on an index of focus in Table A.15. This index measures (i) Speed, and (ii) Accuracy using a D2 test. We do not
find a statistically significant impact on index of focus, however, the signs are positive.
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6.2 Impact of Cycles on Time Use

Given that gitls in the treatment school save about one hour per day in transport, we wanted to explore
the impact on measures of time-use: (i) School chores*; (ii) Extra-curricular activities; (iii) Studying and
homework; (iv) Household chores; (v) Engaging in income generating activities; and (vi) Spending time with

friends. 4!

We estimate the impact of the intervention on changes in the way the girls spend their time on
different activities during a normal weekday and present the results in Table 2, where Panel A shows
the results for the pooled treatment, and Panel B reports the same separately, by the two treatment
groups. The dependent variables are categorical variable, specifying the amount of time spent by the
girl on a particular activity.*? The estimated coefficients are odds ratio from an ordered logit speci-
fication. We do not find any impact of the intervention on most of the measures of time use, except
for time spent in Engaging in income generating activities (Column 5). The odds of spending time
Engaging in income generating activities for the girls in treatment schools is 0.71 times that of girls in

the control group, i.e., girls in treatment are less likely to be engaged in income generating activities.

A plausible explanation could be that the intervention had positive income effects for the family,
thereby not requiring the girl to engage in any income generating activity, or the intervention changed
the value that the family places on education vis-a-vis engaging in short-term income generating ac-
tivities, which resulted in a decline in the amount of time spent by the girls in this activity. However,
we do not see any increase in the time spent by girls in studying, which is likely due to the very coarse

intervals we use to measure time use.

6.3 Did Bicycles Transform Girls” Lives?

One of the primary outcomes of the cycles intervention was to study its impact on female empow-
erment given the historical importance of bicycles in empowering women in the United States in the

19" century (Macy, 2011). We present the results on various measures of empowerment in Table 3.3

0 Activities include cleaning the classrooms, brushing the compound, if there are animals helping feed them, and cleaning
the blackboards, etc.

“These outcomes were registered as secondary outcomes in the PAP.

#The dependent variable takes the value 0 if the girl spent no time doing that activity, 1 if she spent less than 30 minutes,
2 for between 30 and 60 minutes, 3 for between 60 and 90 minutes, 4 for between 90 and 120 minutes, and 5 for more than
120 minutes.

“In the PAP, the Index of Mobility and Safety, Index of Aspiration, Index of Locus of Control, and Index of Marriage and Fertility
are registered as primary outcomes, and Index of Bargaining, Index of Pro-Sociality, and Index of Pro-Sociality as secondary
outcomes.
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Panel A reports the results for the pooled treatment, and Panel B reports the same separately, by the

two treatment groups.

We find that the intervention increased the index of female empowerment by 0.12 s.d (Column
1). Furthermore, we report the impact of bicycles on various sub-indices of empowerment in columns
2-8. Estimates from the pooled treatments (Panel A in Tables 3) suggest that the intervention did
not have any impact on the indices of mobility,** aspiration, and marriage and fertility. However, the
bicycles improved the indices of locus of control, bargaining, pro-sociality, and self-image. The index
of locus of control improved by 0.18 s.d (Column 4), bargaining improved by 0.21 s.d (Column 6),
pro-sociality improved by 0.15 s.d (Column 7), and self-image improved by 0.13 s.d (Column 8) for

girls in the treatment schools.*

These are important results as the index of locus of control measures the degree of control the
girls believe they have over outcomes in their lives, and how satisfied they are with their life in gen-
eral. Similarly, the index of bargaining measures whether girls have access to and control over small
amounts of resources, the clothes they wear, the food they eat, and whether they are able to discuss
matters pertaining to their lives with their parents.*® The index of pro-sociality measures the partic-
ipation of girls in local clubs, their willingness to help out their friends, and their knowledge of the
local leadership, while the index of self-image measures what girls think of themselves vis-a-vis their

peers in terms of academic achievement, and their probability to succeed in future.

Although it is surprising that the intervention did not improve the mobility of girls in the treatment
schools, upon further investigation, we found out that parents of the girls in the treatment schools
as well as the members of the Bicycle Supervisory Committee (BSC) considered the bicycle to be a
precious asset, to be used by the girls only for the purpose of traveling to school.*” These restrictions

on how the bicycle should be used by the girls explain why we do not find an impact on girls” mobility.

Panel B in Table 3 reports the impact by Payment Arm and No Payment Arm separately. The
intervention improved the index of empowerment (Column 1) for girls in the Payment Arm by 0.2

s.d. We find similar patterns for the sub-indices of aspiration, and fertility and marriage for girls in the

“This index is constructed slightly different from the one reported in the PAP. We separate the results of mobility from
the ones of safety, which is presented as a first stage outcome in Table 1.

*We report the table with p-values corrected for multiple hypotheses testing (Table A.11).

4This index is slightly different from the one we registered in the PAP. In particular, we excluded two variables that
measure rebellion. The estimated coefficient for the bargaining index with the two variables included was: 0.10 (0.06) and
statistically significant at 10 percent for the pooled treatment, 0.07 (0.07) but not statistically significant for Payment Arm,
and 0.14 (0.07) and statistically significant at 5 percent for No Payment Arm.

“The research team did an extensive qualitative survey with parents, teachers, girls, and community leaders to further
understand the changes we estimate.
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Payment Arm. We find that the bicycles intervention improved the index of aspiration by 0.12 s.d, and
index of fertility and marriage by 0.18 s.d (Columns 3 and 5, respectively in Panel B of Table 3). The
index of aspiration measures the girls” aspirations with regard to the years of education they want to
receive, and their future participation in the workforce. Similarly, the index of fertility and marriage

measures the girls” desired fertility behavior, and preferences on the age of marriage.

Improvements in the indices of aspiration, and fertility and marriage suggest that the girls in the
Payment Arm aspire to continue education and participate in the workforce in the future, and have
a decreased preference to get married early and have many children. In our context, when a credit-
constrained household spends money ex-ante to acquire the bicycles for their girl child, this is likely
to be a signal for the girls in the Payment Arm that their parents are invested in their education and
general well-being. Furthermore, charging a small upfront cost in the Payment Arm is likely to induce
parents to push their girls to use the bicycle more. This is consistent with the “sunk cost fallacy” which
argues that usage intensity is higher when consumers are charged positive prices (Arkes and Blumer,

1985; Thaler, 1980).

Taken together, these results provide the first causal evidence on the transformative role a bicycle
can play on women empowerment, which was first highlighted by scholars of the women’s suffrage
movement.*® The positive impact of the intervention on the empowerment of girls’ in rural Zambia
is likely to have a lasting impact on their future living standards as argued by Duflo (2012). More
importantly, the results on measures of empowerment directly contribute to the policy debate on in-
terventions that can improve female empowerment, which is a priority for policymakers in developing

countries (UN Sustainable Development Goal No. 5).4

In 1895, at the age of 80, suffragist leader Elizabeth Cady Stanton claimed that “the bicycle will inspire women with
more courage, self-respect, self-reliance...” Stanton predicted the power of the bicycle in transforming the lives of women,
realizing that the independence women were gaining because of this invention would allow for growth in other areas of
their character. Having the ability to be fully self-reliant, often for the first time in their lives, would encourage women to be
more courageous in other areas, such as demanding voting rights. One century later, our qualitative survey echoes similar
findings. The following quotes further corroborates what has been documented in the 19" century in United States and
the results estimated in Table 3: “We see their confidence just by the way they say bye to us when they get on their bicycle going
to school ... In addition, a child who has a bicycle and one who hasn’t ... you are able to tell that indeed, this ... has brought so much
confidence [in the beneficiaries] ... Those that have bicycles walk differently. There is just the way they walk compared to those who don’t
have (Male parent, Treatment school, Mazabuka)”; “I felt important because it was my first time having this kind of a bicycle (Girl,
Treatment school, Kalomo)”.

“The Gender Parity Goals of the UN Sustainable Goal No. 4 aims to achieve gender equality and empower all women
and girls. Similarly, Goal No. 4 aims to ensure inclusive and equitable quality education and promote life-long learning
opportunities for all.
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6.4 Impact of Cycles on Educational Outcomes

Table 4 reports the impact of the intervention on educational outcomes.”® Panel A presents the results

for the pooled treatment and Panel B reports the results for the two treatment groups separately.

We find that the cycles intervention reduced overall absenteeism in the previous week (Column
1 in Panel A) by 29%, with the effect sizes being identical for the two treatment arms (Panel B). The
impact is sizable, as this translates to an addition of about 5 additional school days for girls in the
Southern Province, where students in primary school miss an average of 18 days in a school year
(DHS, 2002). It also reduced the number of days that girls arrived late to school the previous day by
more than a day, which represents a 66% difference when compared to the control group (Column 2).
We do not find any impact on dropouts (Column 3) and grade transition (Column 4), although the
sign of the coefficient is negative and in the right direction. The result on dropouts is not surprising
given the low level of dropout in the study sample (the control group mean is 6%). Similarly, grade
transition is automatic up to grade 7 in our sample schools. Although statistically insignificant, taken
together, the results suggest that girls in treatment are more likely to be enrolled in school, but they do
not necessarily graduate to higher grades. Given that grade transition is automatic up to grade 7, this
implies that the intervention is successful in keeping those girls in school who would have otherwise

dropped out during the transition to secondary school from grade 7 to grade 8.

We administered tests in English and Mathematics to girls in the baseline and the endline.”! We
find that the intervention increased the Mathematics score for the girls by 0.11 s.d (Column 5), which
is statistically significant. However, we do not find any impact on English test scores (Column 6).
These results are in line with the literature that finds Mathematics achievement to be more responsive
to interventions changing curriculum or instruction than English (Cronin et al., 2005). Results in
Panel B suggest that the improvements in learning outcomes are driven by girls in the Payment Arm,
although there is not enough evidence to support the differential treatment effect between the two

treatment arms.

Overall, the impact on Mathematics test scores is noteworthy. First, theoretically, it is not obvious if
the reduction in days late to school and days absent (mechanically both increase the instruction time)

will necessarily improve test scores, as it depends on how this input enters the students” education pro-

*YWe pre-specified Days Absent, Dropout and Grade Transition are registered as primary outcomes; and test score on English
and Mathematics as secondary outcomes in the PAP registered at RCT ID: AEARCTR-0003339.

>'The English and Mathematics tests were based on tests administered at the national level by the Examination Council
of Zambia for grade 5.
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duction function.?? This is particularly challenging at the post-primary level. In fact, the review paper
by Glewwe and Muralidharan (2016) suggests that many expensive standard school inputs are often
not effective at improving learning outcomes, compared to the interventions that focus on improved
pedagogy and school governance. Second, the effect size we find is consistent with the conditional
and unconditional cash transfer literature, which conclude that the effects of these interventions on

student achievement are small at best (Baird et al., 2013).5

6.5 Medium Run Impact of Cycles on Educational Outcomes

To study the medium-run impact of the intervention on girls” education, we collected administrative
data on students” attendance, dropout, and grade transition two (2019), three (2020), and four (2021)

years after the cycle intervention.

Table 5 reports the impact of the intervention on girls” attendance in term I and term II of 2019,
term I of 2020, and term I of 2021. Panel A presents the results for the pooled treatment and Panel B
reports the results separately by the two treatment groups. The analysis is done with the sub-sample
of students that are enrolled at the time of the measurement. Thus, we see differences in the sample
size between years. Overall, we find that the intervention continued to improve girls” attendance two,
three, and four years after the intervention. Girls in the treatment schools missed 3.77 days less (45%
reduction), and 3.4 days less (40% reduction) in term I and term II of 2019, compared to the girls in
the control schools (See Panel A of Table 5). Similarly, girls in the treatment schools missed 2.18 days
less (29% reduction), and 4.80 days less (55% reduction) in term I of 2020, and 2021, respectively. We
do not find the impact to vary by the two treatment groups (See Panel B of Table 5).>* These results
are encouraging and provide credible evidence that the intervention was successful in mitigating the

negative consequences of the pandemic on girls” education.

Table 6 reports the impact on girls” dropout and grade transition. Panel A presents the results
for the pooled treatment, while Panel B reports the results separately by the two treatment groups.
Similarly to the previous table, the analysis for the grade transition is conditional on the student being

enrolled, resulting on differences between the sample sizes.>> We find that the girls in the treatment

>2Non-experimental evidence from developing countries suggests weak evidence of an increase in additional days of
instruction on test scores (Aguero and Beleche, 2013; Bellei, 2009).

»The meta-analysis by Baird et al. (2013) suggests a pooled effect sizes in the range of 0.04-0.08 s.d, respectively, for
Unconditional Cash Transfer and Conditional Cash Transfer interventions.

**We only have attendance data from term 1 of 2020 since the schools were closed due to COVID-19. We collected atten-
dance data in 2021 after schools reopened after COVID-19.

*Furthermore, the differences in the sample sizes between the conditional analysis on attendance and grade transition
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schools were 9% less likely (37% reduction) to drop out of school than the girls in the control schools
in 2019. In 2020 and 2021, we collected data on dropout and grade transition for term III (November-
December), when the schools reopened after the closure due to COVID-19. In Columns 1, 3, and 5 of
Table 6 we observe that on average, the dropout rate in the control schools increased every year. In
particular, 24% of the girls had dropped out in 2019, 42% in 2020, and 57% in 2021. We find that the
girls in the treatment schools were 9% less likely (21% reduction) to drop out in 2020, and 10% less
likely (17% reduction) to drop out in 2021, compared to the girls in the control schools. We do not
find the impact of the intervention on grade transitions in 2019 and 2020. However, in 2021 we find
that the girls” in the treatment schools were 11% more likely (19% increase) to transition to the next
grade. Once again, we do not find the impact to vary by the two treatment groups as seen in Panel B

of Table 6.

The results from the two through four year follow-ups seem promising and show that the inter-
vention has sustained effects in keeping girls in school, helping them continue their academic progres-
sion, and allowing them to attend school more regularly. Although we cannot pinpoint the underlying
channel for this impact, we interpret these outcomes as realized measures of empowerment. Contin-
uing to attend school in this scarce-resource setting, with high rates of dropouts (up to 57% in 2021),
is evidence of a strong will from both the students and their families. These results are also aligned
with a study that shows that an empowerment program mitigated the negative effects of the Ebola

outbreak in Sierra Leone for various outcomes, including school enrollment (Bandiera et al., 2018).

6.6 Heterogeneity Analysis

Tables 8 and 7 report the heterogeneous impact of the intervention by the baseline time taken to travel
to school (we interact tercile of the baseline time taken to school by the treatment groups) as pre-

specified in the PAP.

We do not find any heterogeneous impact of the intervention on access to cycles (Column 1 of
Table 8). This is consistent with the theory of change since it implies that after a year, girls living
closer or further away from the school are equally likely to still have access to the cycle. Gitls in the
middle tercile experience greater reduction in absenteeism vis-a-vis the bottom tercile (Column 2 of
Table 8), but there is no statistically different impact for girls in the top tercile. As expected, gitls living

further away from the school (as measured by the middle and top tercile) experience greater reduction

is because we have information about grade transition for the girls that transferred schools. We do not have data about
attendance for girls that transferred.
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in time taken to travel to school (Column 3 of Table 8). Similarly, girls in the middle and top tercile also
experience greater reduction in the number of days they arrive late to school (Column 4 of Table 8).
We cannot reject the null of no impact on absenteeism for the girls in the top tercile (p-value = 0.59).
Finally, we do not find statistically different heterogeneous impacts on learning outcomes (Columns

5-6 of Table 8), but the direction of the impact is consistent with our results on school absenteeism.

We further estimate the heterogeneous impact of the intervention by the baseline time taken to
travel to school on measures of empowerment. We find that this intervention improved the index of
locus of control (Column 3 of Table 7) and bargaining (Column 5 of Table 7) for girls living in the bottom

and middle tercile. However, we do not find an impact on girls in the top tercile.

Overall, the intervention relaxed the distance constraints for the girls living furthest away from the
schools, which translates to improvements on the intensive margin but does not necessarily translate
to changes in the extensive margin for girls in the top tercile. It seems like that for girls living furthest
from the school the distance costs are still binding, or they face additional constraints, and a possible
long-term solution would be school construction. Taken together, it seems like the improvement in
measures of empowerment is routed through increased attendance in school and not through the

access and ownership of the cycle.

7 Conclusion

In this paper, we find that a conditional kind transfer of a bicycle can be a useful policy tool to transform
the lives of girls. Girls in the treatment schools reported feeling more empowered, they reported less commute
time to school, absenteeism, late arrival to school, and improved test scores and safety, time use, grade transition,

and dropout.

Scholars of the women’s suffrage movement, including Susan B. Anthony in the United States,
have highlighted the role played by bicycles in empowering women in the 19" century. Consistent
with this historical perspective, we find that the provision of bicycles improved girls’ empowerment
through improved locus of control, bargaining, pro-sociality, and self-image. Policies that aim at improving
female empowerment have limited success due to the deeply rooted cultural norms that lead to dis-
crimination against women in all spheres of life (Jayachandran, 2015). Work by Duflo (2012) suggests
that improving female empowerment may also have a lasting impact on women'’s future living stan-

dards. It is worth highlighting that finding positive impacts on both educational and empowerment
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outcomes is perhaps the most unique result of this intervention.

In rural Zambia, approximately 35% of the girls report having been teased on their way to school.
We find that the intervention improved the safety of girls in the treatment schools. It reduced the
probability of whether girls were teased or whistled on on the way to school by about 22% and reduced
the probability that a girl missed school or left for home early from school due to concerns of safety
by about 38%. Given the negative impact of sexual harassment on women'’s access to education and
learning (Borker, 2020; Evans et al., 2021b), improvement in safety due to bicycles is likely to have a

far-reaching impact on girls” well-being.

Results from the two treatment arms — Payment vs. No Payment — suggest that girls who received
bicycles with the small cost to their family had higher levels of aspirations, self-image, and a desire to
delay marriage and pregnancy. Surprisingly, we do not find these effects in the zero cost treatment.
We believe these results are due to girls perceiving the payment from the family as a desire to increase
future investment in them. Although we do not have measures of how the parents feel about invest-
ment in the girls, based on discussions with parents we believe that these expectations from the girls

are likely correct.

While an intervention like providing bicycles to students is likely too expensive for most govern-
ments and there are more cost-effective ways to increase schooling for girls, such as paying school fees,
we believe our results have several important policy implications. First, we show that a policy like the
provision of bicycles that improves access to school through a reduction in distance costs can improve
educational outcomes, at least in the short run. This is especially important since discriminatory social
norms that limit girls” access to education and labor force participation remain a challenge in many
parts of the world. In addition, school construction programs, a default approach to address the access
to school problems, are expensive, take a long time to complete, and might not be cost effective. Sec-
ond, we demonstrate that the intervention improved girls” empowerment, which directly contributes
to the “Gender Parity” objective of the UN Sustainable Development Goals 2030. Third, we did not
find any differential impact between the two treatment arms that is statistically significant. Many
policies are designed with “conditionality”, which is administratively burdensome and increases the
overall cost, especially from both implementation and monitoring points of view. In our context, we
did not find evidence that a small upfront payment had any “unintended” impact on girls” outcomes.
Finally, we contribute to existing research on conditional cash transfers, which are increasingly used

as a policy tool to increase female schooling in developing countries and find that a bicycle improves
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girls” educational outcomes.

Taken together, the results from Muralidharan and Prakash (2017) and Kjelsrud et al. (2021) -
two non-experimental studies of a large-scale cycling program for adolescent girls in India, and this
paper, a randomized control trial in Zambia — point to a potential policy tool that can address both the
gender gap in education and improve female empowerment. More broadly, results from this paper
suggest that identifying the underlying mechanisms can play an important role in understanding the
challenges around replicability and external validity in international development. This is especially
important since results of randomized evaluations of the same intervention vary substantially across
trials (Vivalt, 2019), and even within the same location, causal impact varies due to random variation

in conditions over time (Rosenzweig and Udry, 2020).

Future research could focus on studying the long-term impact of such policies on girls” age of
marriage, fertility decisions, bargaining, and the community-level spillovers on norms and aspirations
from an in-kind transfer that went to a population that does not normally receive items of relatively
high value. More broadly, it is important to study how policies aimed at improving girls” education
impact community dynamics and norms regarding girls” education. This is especially important since
communities can have their own norms regarding girls’ education. In the context of Sub-Saharan
Africa, apart from problems of access, income, and information, girls face additional cultural con-
straints like early marriage and pregnancy. Such social expectations and gender biases can lead to
certain family practices that deprive girls of not just educational opportunities but also alter their as-
pirations. Finding innovative ways of changing social norms might prove to be a sustainable way of
tackling the problem of high dropout rates for adolescent girls in developing countries. Though so-
cial norms are slow-moving and hard to change, previous research has shown evidence of change in

norms in response to exposure (Dhar et al., 2022). B
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Table 4: Impact on Educational Outcomes

Dependent variable:

Days absent Days late Dropouts Grade Transition Mathematics English

© @) 3) @ ®) ©

Pooled Treatment -0.29*** -1.45%** -0.02 -0.03 0.11* 0.04
(0.09) (0.10) (0.02) (0.02) (0.06) (0.05)

Payment Arm -0.28%** -1.39*** -0.03 -0.02 0.13* 0.08
(0.10) (0.11) (0.02) (0.02) (0.07) (0.06)

No Payment Arm -0.29*** -1.53*** -0.01 -0.04 0.07 -0.01
(0.10) (0.11) (0.02) (0.02) (0.06) (0.07)

Effect size: Pooled Treatment 28.7% 66.2% 33.3% 3.2%

Effect size: Payment Arm 27.7% 63.5% 50% 2.1%

Effect size: No Payment Arm 28.7% 69.8% 16.6% 3.2%

Observations 1952 1952 2448 1931 2001 2001

Control group mean 1.01 2.19 0.06 0.94 0.00 0.00

Payment Arm = No Payment Arm (p-value) 0.91 0.11 0.35 0.29

NOTES: Standard errors in parentheses are clustered at school level. The regressions include controls for baseline value of the

dependent variable (wherever available). The dependent variable in Column (1) is the number of days the girl missed school

in the last week, in Column (2) is the number of days the girl was late in the previous week, in Column (3) is a dummy =1

if the girl dropped out of school, in (4) is a dummy = 1 if the girl progressed to a higher grade, conditional on not dropping

out, in (5) and (6) is the standardized learning assessment score in Mathematics and English self administered test. The

effect sizes are calculated as the % change compared with the control group mean. *p < 0.10, **p < 0.05, ***p < 0.01.
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Appendix Tables: For Online Publication

Table A.1: Descriptive Statistics

Mean Std.Dev. Observations

Demographics

Age 12.89 1.42 2461
Grade in school 6.05 0.82 2469
Ever repeated a grade 0.36 0.48 2469
Both parents alive 0.81 0.39 2467
Household size 6.39 291 2468
# of biological brothers 1.68 1.57 2469
# of biological sisters 1.34 1.37 2469
Currently engaged /married 0.14 0.35 2431
Ever been pregnant 0.06 0.23 2434
Mobility

Mostly walks to school 0.98 0.13 2467
Time spent traveling to school (mins/each way) 109.16  50.52 2291
Mostly travels to school alone 0.27 0.45 2464
# of people that travel to school together 4.38 3.68 2166
Ever teased on way to school (last year) 0.35 0.48 2469
Would walk to school alone if felt safe 0.79 0.41 2464
Would walk to other places alone if felt safe 0.44 0.50 2459
Attendance

# of days absent from school (last week) 0.88 1.29 2459
# of days arrived late to school (last week) 2.61 1.69 2412
Learning Assessment

Learning assessment score (Overall) 0.36 0.16 2468
Learning assessment score (English) 0.30 0.17 2468
Learning assessment score (Maths) 0.44 0.20 2468

NOTES: Descriptive statistics of the girls in the estimation sample measured in baseline in 2017.
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Table A.2: Balance Table: School Characteristics

Treatment Groups p value for test of:
Control No Payment Arm (T2) Payment Arm (T1) 1=2 1=3 1=(2U3)
(N =55) (N =20) (N =25)
(M (2) 3) “4 O (6)
Enrollment 2017 692.75 643.40 686.92 031  0.90 0.51
(187.74) (186.96) (192.46)
Enrollment girls 2017 344.85 318.70 338.04 028 077 0.41
(93.89) (91.98) (95.58)
Enrollment boys 2017 347.89 324.70 348.88 036 097 0.62
(96.21) (98.60) (99.31)
# teachers 13.47 13.45 12.72 099 054 0.72
(6.46) (6.44) (4.28)
% teachers living school 78.48 71.98 68.97 039 0.16 0.15
(27.26) (29.82) (28.53)
Km closest town 51.02 38.92 45.28 0.18 0.50 0.30
(57.37) (19.19) (17.77)
Km closest tarmac road 25.06 24.63 25.90 093 0.84 0.94
(19.39) (18.78) (16.93)
Km closest secondary school 19.31 19.82 22.10 092 058 0.64
(15.76) (18.78) (22.02)
Feeding program 0.04 0.00 0.04 016 094 0.68
0.19) (0.00) (0.20)
Sanitation program 0.60 0.60 0.60 1.00 1.00 1.00
(0.49) (0.50) (0.50)
Other program 0.35 0.45 0.24 042 033 0.90
(0.48) (0.51) (0.44)
# toilets girls 5.78 4.70 4.88 0.09 0.14 0.05
(2.68) (2.34) (2.40)
# toilets boys 5.24 3.85 4.84 0.01 053 0.10
(2.83) (1.81) (2.46)
# classrooms 2017 8.44 7.95 8.08 0.58 0.59 0.51
(343) (3.30) (2.34)
Access to Library 0.31 0.20 0.16 033 013 0.13
(0.47) (0.41) 0.37)
Access to computers 0.95 0.95 0.92 094 0.69 0.80
(0.23) (0.22) (0.28)

NOTES: Balance test of the school characteristics by treatment groups. The data presented in this table was collected at
baseline in 2017. *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A.3: Balance Table: Girls Characteristics

Treatment Groups

p-value for test of:

Control ~ No Payment Arm (T2) Payment Arm (T1) 1=2 1=3 1=(2U3)
(N =1357) (N =500) (N =614)

(1) (2) 3) 4) (6)

Age 12.88 12.96 12.85 027 0.62 0.79
(1.43) (1.44) (1.36)

Grade in school 6.02 6.09 6.07 0.07 0.13 0.04
(0.82) (0.82) (0.81)

Ever repeated a grade 0.36 0.37 0.36 059 0.81 0.66
(0.48) (0.48) (0.48)

Both parents alive 0.80 0.80 0.83 099 021 0.47
(0.40) (0.40) (0.38)

Household size 6.46 6.21 6.39 0.08 0.67 0.23
(2.88) (2.54) (3.23)

# of biological brothers 1.70 1.79 1.56 031 0.06 0.57
(1.53) (1.74) (1.49)

# of biological sisters 1.36 1.25 1.35 012 0.88 0.35
(1.40) (1.30) (1.37)

Currently engaged/married 0.15 0.16 0.16 0.85 0.76 0.80
(0.36) (0.36) (0.37)

Ever been pregnant 0.06 0.06 0.05 077 024 0.36
(0.24) (0.23) (0.22)

# of meals with Meat 1.62 1.72 1.78 024 0.04 0.04
(1.52) (1.63) (1.58)

# of days with more than 1 meal 5.77 5.78 5.74 096 074 0.83
(2.36) (2.39) (241)

# of days with not enough food 0.97 0.81 0.92 0.06 054 0.14
(1.67) (1.46) (1.68)

Socio-economic index (PCA) -0.08 0.04 0.14 0.12 0.02 0.01
(1.51) (1.50) (2.20)

Locus of control index (PCA) 0.01 -0.14 0.08 0.13 045 0.69
(1.90) (1.89) (1.87)

Self esteem index (PCA) -0.05 0.05 0.08 022 0.07 0.06
(1.51) (1.55) (1.55)

Gender attitudes index (PCA) -0.03 0.00 0.07 064 0.14 0.23
(1.36) (1.34) (1.34)

NOTES: Balance test of the girls characteristics by treatment groups. The data presented in this table was collected at baseline
in 2017. *p < 0.10, **p < 0.05, ***p < 0.01.

Table A.4: Tracking and Attrition

Total Control Payment No Payment
Tracked and surveyed 2,028 1,071 533 424
In school 1,789 920 481 388
Second stage tracking 239 151 52 36
Attrition Rate (not weighted) 17.9%  21.1% 13.2% 15.2%
Effective Attrition Rate (weighted) 8.7%  10.1% 7.8% 5.6%

NOTES: The sample analyzed in this table are the 2,471 potential endline respondents in 2018.
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Table A.5: Determinants of Sample Attrition

Attrited Endline
Payment Arm -0.013
(0.026)
No Payment Arm -0.053*
(0.022)
Payment Arm X Socio-Economic Index (PCA) -0.007
(0.010)
No Payment Arm X Socio-Economic Index (PCA) -0.007
(0.011)
Payment Arm X Locus of Control Index (PCA) -0.008
(0.012)
No Payment Arm X Locus of control Index (PCA) -0.000
(0.009)
Payment Arm X Self-Esteem Index (PCA) -0.006
(0.012)
No Payment Arm X Self-Esteem Index (PCA) 0.002
(0.015)
Payment Arm X Gender Attitudes Index (PCA) 0.015
(0.015)
No Payment Arm X Gender Attitudes Index (PCA) 0.018
(0.014)
Socio-Economic Index (PCA) 0.008
(0.007)
Locus of Control Index (PCA) 0.001
(0.008)
Self-Esteem Index (PCA) 0.001
(0.006)
Gender Attitudes Index (PCA) 0.001
(0.009)
Control group mean 0.101
Payment Arm mean 0.089
No Payment Arm mean 0.049
Payment Arm = Control (p-value) 0.632
No Payment Arm = Control (p-value) 0.016
Payment Arm = No Payment Arm (p-value) 0.054
Observations 2,467

NOTES: Standard errors in parentheses and clustered at the school level. This includes the survey weights used because of
the two-stage sampling procedure. *p < 0.10, **p < 0.05, ***p < 0.01.

46



‘100 > d,,, ‘00 > d,, ‘010 > d, "(dno18 jusunyear ay3 wir} am ‘a10ja19y} ‘dnoid joryuod ueyy sdnoid yusuuyeas) ayj Ul SHIS dI0W puNoy am)
sdnoi8 y30q 105 renba st S[IIS paAIasqo Jo a1eys 9y} Jey} yons pawruiri} sem a[duueg ‘g = juawiean; pajood ayy jo arer 3unpden ay} pue ‘¢’ 68 = dnoid [01yuod ayj jo ajer unpdoen ay ],
£6°0

— ) = w4 Jd
68°0 — mm.ov L

€7 =007 * (

‘[T SUIMOTOF a3} Y3m wiLy 0} ofdures jo uonzodoad

Y3 parenored ap *(9[04Ad1q a3 SUIATERI JO 9SNEIA JLI3Fe JOU S0P [AIS JNq [OIFUOD UI JI PIJIIPE dARY P[NOM SIS PUe “UOTISIIP U0 UT AJUO UOHIIIIE S}O9e JUSW}Eal}) WISIUBYOUL
uonOaas ynoqe uondumsse A311U0JOUO (1) pue ‘Juawiesi) Jo Juswudisse wopuey (1) :Surpunog 997 ay3 op 03 suonduwnsse omy SUIMO[0F A3 Pue (600Z) 99T MO[[0F 9M - (S[qe[reae
I9AdI9UM) d[qeriea juapuadop ayj Jo anfea aurpseq pue soryder3owap 10§ S[OIFUOD SPNIUL SUOISSIIZII [V [OAI] [0OYDS Y} e pataisnid a1e sasayjuared ur s1o11e prepuels :SqION

mo7 1ddn  oN mmo 1ddn oN IOMOT] ddn ON omo  1ddn ON omo  1addn ON Surpunog 297
000 000 000 000 000 000 LL7€01 02'¢01 LL'€01 61'C 61°¢C 61C 10'T 10°T 10T ueaw dnois [onuo)
9861 €961 100¢ €61 861 100C 1781 P8t 6481 a6l L4761 561 cs6l €6l 561 suoneAIIsqQO

(00) (g00) (s00) (s00) (900) (900) (26T (9¢2) (r6c)  (oro) (oro) (oro) (800) (800)  (800)

900 €0°0- €00 x50 800 «IL1°0 2xx0LCE" 51400 LT~ xxxC8TE~  sxST' T~ 526991~ 25xGV' T~ 22800  #:xEV'0- 2480 JuouIjeal], pajoo]
) @n () () (a1 (on) (6) (8) () (9) (9) (¥) (€) (@) (1)
ysrsuyg soTjeuayjeIN [o0YDS 03 auur], aye sheq Juasqy she(q d1qerrea yuapuadag

SowIooIn () reuoneonpy :Spunoyg 297 9y 9[qe],

47



‘100 > d,,, 0°0 > d,, ‘010 > d, "(dno13 jusuryear sy wrr} am ‘a105a19Y) “‘dnoid joryuod ueyy sdnoid yuswuiear) sy} Ul SHIIS 9I0W PUNoj aM)
sdnoi8 yjoq 105 renba st spd paarasqo jo areys ayj yey} yons pawrwury sem ajdureg ‘gg = juaunear pajood ayy jo ajer Sunpoer) 9y} pue ‘g 68 = dnoid joxyuod ay3 jo syer Juppen; ayyJ,

€6°0

— )= wagd
680 — mm.ov L

€7 = 00T * (

p[nurLIo] SUrmoroy ayy yim wir) o0y aydures jo uonrodoid ayy pajemored apg - (a04d1q a3 SUrAIedaI JO asNEIA] JLIE JOU S0P 113 INg [OIYUOD UL JI

PalLIIe dARY P[NOM SHIS PUE “UONDAIIP SUO UT A[UO UONII)E S)O9JJe JUSW)EaT)) WSIULDIW U0Tda[as Jnoqe uondunsse £0IUojouoiq (1) pue ‘Juauneas jo juswudisse wopuey (1)
:3urpunog 997 ayj op 03 suondumsse 0m} SUIMOT[O] 33 pue (6007) 93] MO[[O] I\ "UOTJRAISSCO U J0J SanTea SUISSIUI pel] Xapul aU3 UT S3[qeLIeA aU} JO 9,0 T Ukl ssa] JT sanjea pajnduur
urejuod sadrpur surpuy *(800z) UosIapuy jo A3ofopoouw o) Sursn payySrom-adurLIeA U dALY SIDTPUI [[Y dSerirewr pue Aoy uo xapul au St (Z[-0T) Ul pue ‘[O1uod JO SNdO[
uo Xapur ayj 1 (6-/) ur ‘suoneridse uo xapur 9y} SI (9-F) UI “AJ[IqOW U0 Xopur auy) ST (¢-1) U S[qerrea juspuadap o], ‘[9POW Jeaul] & WO SJUSIDIJa0d 310dar suwniod [y *(S[qe[reae
I2A3IAUM) d[qerreA Juapuadap sy Jo anfea aurfaseq pue sonjder3owap 10y SJOIU0D SPNOUT SUOISSAIII [ "[9AS] [OOYDS 3} Je paIadlsn[d aTe sasayjuared ur s1011e prepuels :SAION

wmo] 1@ddn oN  1mo7 1addn ON pmo1 1wddn oN 1Mo 1addny oN Surpunog 291
G6°0 960 G660 040 050 0<°0 47t Vi vl €0 €0 €e0 uedw dnoid oxnuo)
9061 G06T  S¥6L 9961 S00¢ G00¢ 1881 o6l6l 6161  L681T 9681  G¢6l suoreAlssqQO

(so0)  (z00) (z00)  (900) (9000) (900) (¥0°0) (s00) (s00) (9000) (900) (90°0)

x»xx7C0 200 0T'0 %920 970 2970 xxx0C0 900 900  «0T'0  800- 000 Jusun}eadi], Pajooq
() Gp (o) (6) (8) (2) (9) () (¥) (€) (2) (1)

Anmaag [oI3U0D) suonjerrdsy Kyayeg 19 AIqoN :91qerrea yuapuadag

SowoamQO HGQE.HO\SOQEW Spunog 997 £V °2lqel

48



‘100 > d,,, S0°0 > d,, ‘010 > d, "(dno18 jusuryear sy wrr} am ‘a10ja19y} ‘dnoid joryuod ueyy sdnoid yusuuyears) sy} ul SHIS 9I0W PUNOj aM)
sdnoi8 yjoq 105 renba st S8 paazasqo jo axeys sy yey; yons pawrwiry sem apdureg ‘g = yusuryearn; pafood ayj jo ayer uppden; sy} pue ‘g68 = dnoid [onuod ay jo ayer upyoen sy

€6°0

Y =waTd
680 — mmdv HL

€7 = 00T * (

rernurioy Surmoroy ay3 Yim wiry oy aydures jo uonrodoxd a3 pajemored apy *(92401q a3 SurATedar jo asnedaq I3 Jou S90p I3 Jng [0HU0D

Ul JT PajLIje 9ARY PINOM S[IIS PUe ‘UOTJORIIP SUO UT A[UO UOTLIIE S)O2)E JUSWLar)) WSTULRYDaW Uonda[es jnoqe uondumsse A)oruojouoA (1) pue ‘Jusawiesar) Jo Juawudisse wopuey
(1) :3urpunog sa7 ayy op 0} suondumsse omy Surmor[o] ) pue (600g) 99T MO[[OJ I\ "UOTJRAISSCO U JOJ sanjes SUISSIW Pey Xapur 3y} UT SI[GELIBA dU3 JO 9,0 Uel[} SS3 JT sanfea
panduwur urejyuod sadrput aurpuy -(g00g) Uosiepuy jo A3ojopoyiour oy} Sursn pajy3om-adurLIBA U8dq dARY SIDIPUL [[Y 9SeWI-J[3S JO Xxapur ue (g-/) ul pue ‘Ajenos-oid jo xapur
ue ST (9-F) ul ‘(UoI[[agar uo sa[qerrea ayj Surpnpur jou) Sururedreq Jo Xopur ayj St (¢-T) UI d[qerrea Juapuadap Y], ‘[9POW Jeaul] e WOoIj SJUSIONa0d J10dar suuunjod [y *(S[qe[reae
I9A3IAYM) d[qeLrea Juapuadap sy Jo anfea aurfaseq pue sonjder3owap J0y S[OIU0D SPN[OUT SUOISSAIIII [ “[9AS] [OOYDS 3} Je paIdlsn[d aTe sasayjuared ur s1011e prepuels :SAION

Mmoo 1ddny  oN 1omog 1oddny  oN 1emo7  1addn ON Surpunog 991
890 890 890  ZL0  4LO  ZL0  OF0  0F0  0F0  uedw dnoid jonuo)
LSBT 6881 6881 951" I¥81 V.81 V6l 8861 8861 SUOn3eAISSqQO

(900) (900) (900) (900) (900) (900) (s00) (so0) (s00)
***ON.O *MHO *MHO ***MWN.O wOO **wﬁ.o ***ﬂm.o ***@ﬁ.o ***@ﬁ.o HGQEHGQ.H,HL @QMOOA‘H

(6) (8) (£) (9) (<) ¥) (€) (2) (1)

adew]-J[og ANTe1D0G-01] ururedreg :291qerrea yuapuadag

SoWIOdN) [RIOIABYDY :SpUNog 997 :8°V d[qeL

49



Table A.9: Multiple Hypothesis Correction for First Stage Outcomes

Dependent variable: Access Time to school Safety Teased Missed School
) (2) 3) (4) (5)
Pooled Treatment 0.88*** -34.82%** 0.11**  -0.08*** -0.06***
(0.02) (2.94) (0.05) (0.03) (0.02)
Payment Arm 0.89%** -36.44*** 0.13*  -0.08*** -0.06***
(0.03) (3.33) (0.06)  (0.03) (0.02)
No Payment Arm 0.88*** -33.17*** 0.09  -0.08** -0.06**
(0.02) (4.04) (0.07)  (0.04) (0.02)
W-Y p-value (Pooled Treatment) 0.00 0.00 0.04 0.00 0.00
B-H p-value (Pooled Treatment) 0.00 0.00 0.19 0.08 0.08
W-Y p-value (Payment Arm) 0.00 0.00 0.04 0.00 0.00
B-H p-value (Payment Arm) 0.00 0.00 0.05 0.02 0.01
W-Y p-value (No Payment Arm) 0.00 0.00 0.19 0.08 0.08
B-H p-value (No Payment Arm) 0.00 0.00 0.15 0.06 0.06
Observations 2001 1879 1938 1954 1953
Control group mean 0.02 103.77 0.31 0.37 0.18
Payment Arm = No Payment Arm (p-value)  0.92 0.45 0.65 0.90 0.80

NOTES: Standard errors clustered at the school level (in parentheses). All regressions include controls for demographics
and baseline value of the dependent variable (wherever available). The dependent variable in (Column 1) is a dummy
indicating whether the girl has access to a bicycle, and in (2) is the time spent traveling to school (in minutes) each way,
in (3) is the sub index of perceived safety, in (4) is the probability of the girl being teased or whistled at on the way to
school, and in (5) is the probability that a girl misses school or leaves early for home for safety concerns. The details on
the components of the index in column (3) are in the Appendix. The p-values adjusted for multiple hypotheses testing are
corrected among the variables in this table. W-Y p-value gives the p-value adjusted for multiple hypothesis tests using the
methodology of Westfall and Young (1993), and B-H p-value gives the p-value adjusted for multiple hypothesis tests using
the methodology of Bonferroni-Holm (1979). All the columns use survey data. *p < 0.10, **p < 0.05, ***p < 0.01.

50



Table A.10: Multiple Hypothesis Correction for Education Outcomes

Dependent variable: Days absent Days late Dropouts Grade Transition Mathematics English
(1) (2) (3) (4) (5)
Pooled Treatment -0.28*** -1.45%* -0.02 -0.03 0.11* 0.03
(0.08) (0.10) (0.01) (0.02) (0.06) (0.05)
Payment Arm -0.27%%* -1.39%** -0.03 -0.02 0.13* 0.06
(0.09) (0.11) (0.02) (0.02) (0.07) (0.06)
No Payment Arm -0.27%%* -1.53%** -0.01 -0.03 0.07 -0.02
(0.10) (0.10) (0.02) (0.02) (0.06) (0.07)
W-Y p-value (Pooled Treatment) 0.02 0.00 0.56 0.65 0.57 0.74
B-H p-value (Pooled Treatment) 0.02 0.00 0.84 0.36 0.87 0.87
W-Y p-value (Payment Arm) 0.02 0.00 0.56 0.65 0.57 0.74
B-H p-value (Payment Arm) 0.02 0.00 0.73 0.77 0.77 0.77
W-Y p-value (No Payment Arm) 0.02 0.00 0.84 0.36 0.87 0.87
B-H p-value (No Payment Arm) 0.03 0.00 1.00 0.42 1.00 1.00
Observations 1952 1952 2448 1931 2001 2001
Control group mean 1.01 2.19 0.06 0.94 0.00 0.00
Payment Arm = No Payment Arm (p-value) 0.98 0.13 0.44 0.30

NOTES: Standard errors clustered at the school level (in parentheses). All regressions include controls for demographics
and baseline value for Columns (1), (2) and (5). Columns (1), (2) and (5) report coefficients from a linear model, while
columns (3) and (4) report marginal effects from a logit model. The dependent variable in (1) is the no. of days the girl
missed school in the last week, in (2) is the no. of days in the last week the girl arrived late to school, in Column (3) is a
dummy = 1 if the girl dropped out of school, in (4) is a dummy = 1 if the girl progressed to a higher grade, conditional on not
dropping out, in (5) and (4) is the score of a Mathematics and English test. The p-values adjusted for multiple hypotheses
testing are corrected with the outcome variables in Table 4b of the main outcomes in empowerment. W-Y p-value gives the
p-value adjusted for multiple hypothesis tests using the methodology of Westfall and Young (1993), and B-H p-value gives
the p value adjusted for multiple hypothesis tests using the methodology of Bonferroni-Holm (1979). All the columns use
survey data. *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A.15: Impact on Index of Focus (d2 Test)

Dependent variable: Index of Focus Speed  Accuracy
) (2) (3)
Panel: A
Pooled Treatment 0.07 6.11 9.70
(0.08) (9.04) (9.08)
Panel: B
Payment Arm 0.15 14.55 18.45
(0.11) (11.95)  (12.37)
No Payment Arm -0.05 -5.73 -2.49
(0.09) (9.47) (9.19)
Observations 1932 1932 1932
Control group mean 0.55 459.06 393.45
Payment Arm = No Payment Arm (p-value) 0.12 0.12 0.12

NOTES: Standard errors in parentheses are clustered at the school level. All regressions include controls for demographics
and baseline value of the dependent variable (wherever available). All columns report coefficients from a linear model.
The dependent variable in (1) is the index of focus (variance-weighted index of speed and accuracy), in (2) is a measure
of speed, which is the total number of observations processed in the d2 test, in (3) is a measure of accuracy, which is the
correct number of observations processed in the d2 test. All indices have been variance-weighted using the methodology of
Anderson (2008). *p < 0.10, **p < 0.05, ***p < 0.01.
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Appendix Tables with Controls: For Online Publication
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Table B.4: Impact on Educational Outcomes with Controls

Dependent variable: Days absent Days late Dropouts Grade Transition Mathematics English
©) @) 3) @) ) 6)
Pooled Treatment -0.28"* -1.45%** -0.02 -0.03 0.11* 0.03
(0.08) (0.10) (0.01) (0.02) (0.06) (0.05)
Payment Arm -0.27%** -1.39% -0.03 -0.02 0.13* 0.06
(0.09) (0.11) (0.02) (0.02) (0.07) (0.06)
No Payment Arm -0.27%* -1.53*** -0.01 -0.03 0.07 -0.02
(0.10) (0.10) (0.02) (0.02) (0.06) (0.07)
Observations 1952 1952 2448 1931 2001 2001
Control group mean 1.01 2.19 0.06 0.94 0.00 0.00
Payment Arm = No Payment Arm (p-value) 0.98 0.13 0.44 0.30

NOTES: Standard errors in parentheses are clustered at the school level. All regressions include controls for demographics
and baseline value of the dependent variable (wherever available). The dependent variable in Column (1) is the number of
days the girl missed school in the last week, in Column (2) is the number of days the girl was late in the previous week, in
Column (3) is a dummy = 1 if the girl dropped out of school, in (4) is a dummy = 1 if the girl progressed to a higher grade,
conditional on not dropping out, in (5) and (6) is the standardized learning assessment score in Mathematics and English
self administered test. *p < 0.10, **p < 0.05, ***p < 0.01.
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Appendix Figures

Figure A.1: Map of the Distribution of Schools in the Study Sample
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Figure A.2: Timeline

{ Selection of elegible students - June 2017 }

{Baseline data collection - July to August 2017}

Randomization of schools
to the two treatment arms

Distribution of bicycles (by World Bi-
cycle Relief) and Implementation (by
IPA) - September to November 2017

-

-

Pre-analysis plan registered - September 2018

~

J

Endline data collection - Oc-
tober to December 2018

Data entry endline - January 2019
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Figure A.3: Tracking and Attrition
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A Construction of Outcome Variables

Outcomes Variables
Primary:
Mobility and Safety - In the past week, how many times did you go outside the house

alone to..
- Are you allowed to go alone when...

- I feel safe when...

School Attendance

- Self-reported

- Admin data from registers

Grade Transition

- Dropout

- Grade Progression

Aspiration

- When you finish at school (either end of primary, secondary),
what would you like to do?

- How confident are you that you will be able to achieve this?

- If for some reason you cannot (insert answer to previous ques-
tion), what would you do?

- In two years of time, how confident are you that you will be en-
rolled in school?

- Do you think you will be working in a job or doing something
that makes money in 10 years from now?

-Iam going to show you some drawings, could you tell me which
ones you think a girl like you can become, if any?

- And from these same drawings, which one would you like to
become when you grow up, if any?

- What does your role model do? (Occupation)

- Do you want to do what he/she (Role model) does?
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Outcomes

Variables

Locus of Control

- Let’s say that one day when you are going to school you cannot
find a path because of heavy rain or because a tree fell. This is
a difficult situation because it is the only way to school and you
are already late to school. In situations like this one or other ones
similar to this one, you can usually find your way out?

- There are many things that can happen to you in life. Some
of them will be good and some will be not so good. For exam-
ple: falling over and hurting my knee; forgetting to prepare for
an exam or not doing well on an exam; your best friend is upset
with you and not talking to you; you were not selected for a school
team/club. Do you feel you can control what happens to you in
life?

- In general, would you say you are satisfied with your life?

- I feel my life will improve in the future.

Fertility and Mar-

- The number of children to have in your whole life, how many

riage would you like to have?
- Of those children, how many girls and how many boys would
you like to have?
- Have you ever been pregnant?
- Do you have any kids?
Secondary:

Bicycle ownership

and usage

- Do you have access to a bicycle that you can use?

- Does this bicycle belong to you?

- In a normal week, how many days do you use a bicycle to go to
school?

- Do you use a bicycle during the weekends? How often?

- Do you have to ask permission to use the bicycle?

- How much control do you think you have over the bicycle?
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Outcomes

Variables

Time spent traveling

to school

- Working for the school? (doing school chores like cleaning the
classes, etc.)

- Attending extra-curricular activities? (like sport, production
unit, club, drama, board games, etc.)

- Studying and doing homework outside of school?

- Helping your family at home or doing other work for them?

- Working to earn money by yourself?

- Being with friends (chatting, playing, games, visiting them at

home)?

Performance - Over-

all score and fraction

- Grade 7 end of year exam

in the lowest quartile
- English test
- Mathematics test
- D2 test of Focus
Bargaining - Do you ever have small money of your own (K2 or K5) to use

as you would like? This could be money you have earned or that
you get from a family member.

- Can you decide on what to spend it on your own?

- Each year there are new fashions (e.g. hair pins) that come out.
If you wanted to buy something new and had the money to do so,
do you think your parents would allow you?

- Do you own a pair of leggings?

- Do you wear them on their own (if yes)?

- If you don’t like what is prepared for dinner, would you tell your
mother/guardian you don’t like the food or ask them if there is
something else to eat?

- When we talked about the activities you perform at home, like
(insert activity here). Have you ever skipped doing household

chores?
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Outcomes

Variables

- How often do you say something to your parents if you disagree
with what they are saying?

- Do you feel you can to talk to your parents about what you want
to be when you grow up?

- Do you think you can talk to your parents if you have problems
with friends or at school?

- Do you feel you can talk to your parents about when you wish

to get married?

Self-image

- How would you rank yourself academically in your class?

- Compared to your friends, how likely are you to succeed in life?

Identity

- Now let’s play again with some drawings. Here you can see six
drawings of roles girls usually take in society. Can you put them
in order, starting from the one you that describes you better to the
one that describes you the least?

- How much do you think you can affect what other people think

of your family?

Pro-sociality

- If you notice that one of your friends has a problem, would you
help/participate/collaborate?

- Could you tell us the name of your MP?

- What is the name of the president of Zambia?

- Are you a member of any club?

- Think about the most active person in the club and the least ac-
tive one. The most active would be a 10 and the least active would
be a 0. How active are you in this club?

- When you don’t understand something in class, do you ask the
teacher in front of everyone? (Not for out-of-school girls)

- Do friends seek your opinion about important matters?
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B Sampling Procedure

B.1 School Sampling

We decided to focus only on government schools, which are public schools and also the most common
kind in Zambia. In addition, to be able to follow our sample over several years and observe a longer-
term impact of the bicycles, all the schools selected are basic schools: Starting at Grade 1 or earlier and

going beyond Grade 7 (end of primary) up to Grade 9 (last grade before secondary education).

All basic government schools of Monze and Mazabuka (our initial catchment districts) were asked
to identify their pupils walking at least 3 kilometers to school and to generate a list with their names,
gender and grade. The research team had to find 100 schools with at least 25 eligible girls enrolled
in grade 5, 6 and 7. Many of the schools which prepared the lists didn’t have enough of such pupils.
Hence, the research team had to extend the catchment area to a third district to find additional can-
didates for the sample. Kalomo, a third district of Southern Province, was chosen to have a good
number of basic government schools, and not much prior work had been done there by World Bicycle
Relief. In addition, some schools were also automatically excluded from the sample: (i) urban schools,
where the bicycles wouldn’t be required by children to travel to school (existence of alternative public
transportation), and (ii) a few very remote schools, which created logistical challenges in planning
tieldwork. Limited by these constraints, the research team had a limited sample, from which the 100

schools were selected.

B.2 Girls’ Sampling

Prior to randomization, the research team had to identify a sample of 25 girls in each school to partic-
ipate in the data collection activities to satisfy the power calculations. All these girls were required to
be enrolled in grades 5, 6 or 7 (grades during which the girls are considered particularly vulnerable

and likely to drop out of school).

Among the 100 sample schools, some of them had only 25 eligible girls (girls in grade 5, 6 or 7 and
walking 3km or more to come to school), while other schools had 40, 50 or more of such girls. Tobuild a
representative sample, we generated two lists for each school. The first list, called list A, would always
contain 25 names, balanced across our 3 sample grades (with a small priority given to the grade 7-in

which the girls are more likely to drop out of school soon - following as much as possible the pattern
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8-8-9 for the grades 5-6-7). To generate the list, we used Stata and the only variable considered was

the grade, like described above.

Then a second list was generated for each school, list B. This second list was containing additional
girls, randomly selected among the remaining eligible girls (same methodology). The second list had
between 0 and 25 girls, depending on how many girls in total were eligible in the school (in the grades
5, 6 and 7). For example, a school with 33 eligible girls designated in grades 5, 6 and 7 might have
a first list of 25 girls to be surveyed (list A), and a second list of 8 girls (list B). If the school had 70
eligible girls in grades 5, 6 and 7, then 25 of them would appear on the list A, 25 others would appear

on list B and 20 of them would not appear on any list, the selection being entirely random.

The purpose of these two lists was so that if everything ran smoothly, our field team of surveyors
would be able to find the 25 girls of the list A in the school and survey them on the day of their visit. If
some of the girls were not able to be surveyed (absent, no consent, transferred, fake name, etc.) then
the field team would be able to replace them with girls from the list B. The result would be that the field
team would be able to survey a sample of 25 girls in most cases. The names on the list A and B being
arranged in a random order, we introduce a limited bias when replacing the names. The only bias
introduced was that the field team surveys only those girls who were present. Fortunately, however,
those present at the school were not representative of those present on a normal day, because prior to

the visit of the team, the girls would have been encouraged by the school to attend on this special day.

C Field Protocols

Several tasks were assigned to the different members of the field team while visiting the schools. The

protocol is detailed below:

(i) A few days before the team visits the school (surveyors and supervisors), the school is visited
for the first time by a logistics supervisor. The logistics supervisor introduces Innovations for
Poverty Action (IPA) and explains to the school staff the involvement of the school in the study.
It’s important to note that no formal communication from IPA was every made to the schools
prior to this visit. To illustrate the legitimacy of the procedure, the logistics supervisor carries
two letters, one from the Ministry of General Education (MOGE), one from the District Educa-
tion Board Secretary (DEBS) both showing the support of these institutions of the study. In a

context where IPA or the Research team is absolutely unknown, much of the involvement from
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(ii)

(iii)

(iv)

(V)

(vi)

the schools is obtained this way. The logistics supervisor explains that IPA is independent from
WBR, although working in collaboration with them, and that participating, or not participating,
in the study has no implication on the program that WBR is implementing. Once this is clear,
the logistics supervisor provides the lists of girls to be surveyed and asks the school to collect
the written informed consent of the parents to let their daughters participate in the study. The
logistics supervisor does not speak to every parent whose daughter is asked to participate in the
study. Instead, he leaves in the school a pile of consent forms (translated into the local language,
Tonga) to be distributed by the school to the parents whose daughter appears on the list, which
is also left at the school. A copy of the consent form is to be kept by the parents, another copy
is to be signed and returned to the school for the research team. Between this day and the date
of the visit of the team in the school, the Logistic supervisors is asked to follow-up by phone or

directly on site to check if the consent forms will be ready.

A few days later (usually between 2 and 5 days), the field team finally arrives in the school. The
supervisor meets with the Head-Teacher (or the acting Head) and collects the consent forms
which have been signed. Then he/she checks and gathers the first 25 girls from the list, who

have the consent of their parents and who are present at school.

Once the 25 girls are gathered, they are divided in groups of 4 to 5 pupils. Each group goes with
one of the surveyors, who is in charge of explaining to them their role in the study. The girls

who consent to participate sign an assent form.

The supervisor visits each of his/her surveyors to give him/her the IDs of the girls who are
in his/her group. It’s crucial that each surveyor gets the correct IDs because these will enable

him/her to connect the face to face interview to the paper based data.

After this, the group activities begin, which are all paper based: the attention test (10 minutes),
the learning assessment (25 minutes) and the semi self-administered survey. Each surveyor is
supposed to explain and supervise these activities with its own group of 4 or 5 girls. Once the
group activities are finished, the girls are released but asked not to go too far. A snack (biscuits

and milk drink) is distributed to ease their wait.

Each surveyor then starts interviewing one of the girls in his/her group, with the other girls
waiting some time to be interviewed (they might even go back to class if the surveyor is sure
to find them easily again). The face-to-face interview (tablet based) usually lasts around 40

minutes. Once one is finished, the surveyor releases the girl and starts interviewing another girl,
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(vii)

(viii)

(ix)

(%)

(xi)

D

until he has interviewed all the girls of his/her group. If the surveyor finishes his/her interviews

way before one colleague, he/she can help him/her to finish their interviews.

Meanwhile, the supervisor conducts the school survey with the head-teacher or the acting head-
teacher. Another teacher is welcome to participate if he/she can complete the knowledge of the
head. This survey takes between 30 minutes to 1 hour depending on how organized the school

is.

After finishing the school survey, the supervisor asks the school management to prepare the
attendance registers to be photographed by the team (those for the grades 5, 6 and 7 for the
current and the past years), and all the attendance registers currently available in the school
more generally. This is because the surveyors will have to collect in those the attendance of the

siblings of the respondents (who are not necessarily enrolled in the same grades).

When the surveyors finish their interviews, they come to meet with their supervisor and add to
their forms the attendance information they collect in the registers (for their respondent and for

their siblings).

It’s only when all this work is finished, that the team can head back to town and meet with the

RA to deliver the data collected and the outputs of the day.

A few days later, the school might be visited a last time, by one of the back-checkers. Only half of
the schools will be back-checked. The back-checker, with no prior notice, will interview again of
the girls again, with a short sub-survey (10-15 minutes). No additional consent or assent form

needs to be signed.

Timeline

The baseline data collection happened during the second term of the school year in 2017. It took place

between the 5 July and the 10 August 2017, and the team (supervisors and surveyors) worked 21.5

days in the schools (20 days initially planned), over a period of 5 weeks (4 weeks initially planned).

The baseline survey was first launched in Monze and 9 days were necessary to visit all the schools

of the district (44 schools). Then, the research team moved to Mazabuka and visited all the schools of

the district (20 schools) in 4 days. Finally, the research team spent 8.5 days in the schools in Kalomo

(36 schools).
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The training for the supervisors, surveyors, and back-checkers lasted 5 days, including one day
of field training. The supervisors had one extra day of training. The training happened in Monze

between the 26 June and 1 July 2017.

The logistics supervisors were trained in Lusaka before everyone (1-day training), and they started
to visit the schools on 26 June 2017, earlier than the rest of the team, to start planning the visits. The

back-checkers finished their work on the same day as most of the rest of the teams.

After one school year using the bicycles, the endline survey was implemented, during the third

term of the 2018 school year (September to November 2018).

E Steps for Index Construction

We create variance-weighted indices following the methodology proposed by Anderson (2008) for
empowerment outcomes (also see Haushofer and Shapiro (2016); Dhar et al. (2018) for a recent ap-

plication).

Anderson (2008) summarizes the index creating process as the following. At the most basic level,
an index created using this method is a weighted mean of several standardized variables. More weight
is assigned to measures that are orthogonal (less similar or less correlated) to other measures. The
weights are calculated to maximize the amount of information captured in the index. The index is

computed using the following steps.
(i) For all variables, switch signs where necessary so that the positive direction always indicates a
“better” outcome.
(ii) Create standardized variables (y) by demeaning and then by dividing by standard deviation.

(iii) Compute covariance matrix ) , which consist of elements:

Yim = Um)  Win — Up)
7] * 7
Om on

A Nmn(
s-%

(2

where, Nmn is the number of observations (total persons with non-missing data for variables m

and n).

(iv) Next, we invert the covariance matrix, and define weight wy, for each variable k by summing the

entries in the row of the inverted covariance matrix:
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(v) Finally create a new variable, §;, that is a weighted average of g, for person i. When constructing
Ui , weight its inputs, standardized variables 7;;, by the inverse of the covariance matrix of the
transformed variables. A simple way to do this is to set the weight on each outcome equal to the
sum of its row entries in the inverted covariance matrix for area. The index variable g; is called

because this transformation yields a generalized least squares estimator Anderson (2008) .

s = (Z wk)_l Z oy * yz’ka—i Yk

keK keK;
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Learning Assessment

Figure F.4: Learning Assessment

Far each question below, four answers are given, but only one of the four is right. Work out which is the best answer.
Then, TICK the answer of your choice. For example, if you had chosen answer B for o question, you would show it like this: E B.

1) Which animal is represented in the
image?
OA. Donkey
OB. Snake %
Oc Menkey
OD. Butterfly
2)11+13=
Oa 14
Oe 24
Oc 25
OD. 36
3) Which day comes before Friday
ond after Wednesday?
OA  Monday
OB. Tuesday
Oc. Thursday
OD.  Saturday
4) How many triangles are on the

picture? Add
OA 139 Add

OBs a2 A

Oc 49 AAAd
Op. 54

5) Did you see the man......... stole
the car?
OaA  who
OB which
Oc  wham
OD. when
6)18+2=
OAa &
Oe 8
Oc 9
Op 12
7) When he was young, Lawrence
used to ........ a lot with his sisters?
O A played
OB plays
Oc. play
OD. playing
8)11x10=
Oa 100
Oe 101
Oc 110
Op 110
9) Choose the picture best describing
the image:
O A The lady is wearing a hat
O B. The lady has long hair
O C. The lady is raising her arm
O D. The lady is eating

10021 [ | 3=7
Oa x

Ose +
Oc -
Obp. >
11) Mercy i5 ccwae than her sister
OA Younger

OB More young
OcC Youngest
OD.  Most young
12) What is the denominator of the

fraction %
Ona 9
Ose 3
Oc s
Op. 18
13) Gift is a hairdresser. Which
picture represents Gift?

In AR

OA.  Picture 1
OB Picture 2
Oc¢  Picture 3
OD. Picture 4
14) Moses had 6 mangos and ate 2 of
them. How many mangos remain?
OA.  2mangos
OB. 4 mangos
OcC  5mangos
OD. 8mangos
15) Martin was born in 2003,
OA.  Heis 14 years old.
OB. Hedoes 14 years.
OC  Hehas 14 years.
O D. He measures 14 years old.
16) She laughs because the joke is:
Oa  Sad

OB Funny
Oc  Easy
OD.  Wrong
17) 2,23+ 1,07 =
LA 230
OB 327
Oc 330
Op 413

18) Which one is true?
OA  Goats eat lions
O 1. Chickens eat humans
O Cats eat mice
OD. Birds eat crocodiles
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19) How many K50 notes are in
K5007
Oa s
OB 10
Oc so
Op. 100
20) Anna is walking home with ......... -
brother.

OA  his

OB her

Oc  him
OD. theirs

21) 2410-1521=

OA 889
OB 756
Oc 1029
Op. 999

22) Choose the sentence describing
the image:

O A. The girl sweeps the floor
O B. The chicken lays an egg
O €. The girl collects the eggs
O D. The eggs hatch
23) Find the perimeter of the shope
below:
Oa  20em
Oe 29cm
Oc 38cm
Op. 40em 12em
24) Cheelo woke up late ......... he
missed the bus.
OA but
0B so
Oc for
00, because
25) Identify two lines which are
parallel:
OA. LinesABandBC A
O B. Lines ACand DB
OcC LinesAD and BC
O D. Lines AD and CD

26) Which of the following is correct?
O A, There are five days in a week
O B. Thereare sixty seconds in a minute
O . There are twenty daysin a month
O D. There are fiftean months in 2 year

c



Learning Assessment

Figure G.5
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In addition to the survey outcomes, we also used non-survey methods to elicit behavioral decisions.
The objective of these activities was to capture real decisions and behavior of the girls in a controlled
environment to measure an outcome that is hard to observe in real life and hard to measure with
survey questions. The objective of using non-survey instruments was to observe directly the decision-
making, which is often hard to see, and reduce reporting bias in those questions that are susceptible to
either social desirability bias or internalized societal norms (Glennerster et al., 2018). Specifically, we
planned to measure two outcomes using non-survey questions: bargaining power at home and willing-
ness to share an opinion. The empirical analysis would be to estimate Equation 1 — comparing outcomes
of girls” in the treatment and control schools. We had anticipated that girls in the treatment schools

would have more bargaining power at home and more willingness to share an opinion.

H Behavioral Games



H.1 Bargaining power in the household

This game aims to measure the bargaining power of the girl within the family. Since we only collected
data at the school, this game had two parts, one at the school with the respondent and the second one
at home with the parents. For the second part, the student facilitated the delivery of the form with the
list of items to their parents and brought the form back to the school. In the first part of the game, the
girl ranked a list of items from 1 to 10, the first one being the most preferred item. For the second part,
the girl took home the same list of items (Figure H.6) and asked the parents to rank the items in the
list according to their preferences (rank 1 to 10). Lastly, the student and their parents jointly ranked

the items from 1 to 10, on a third list.

We then randomly selected one of two scenarios. In the first one, both the girl and her parents
received one of the items they ranked in their respective independent lists. In the second scenario,
they received an item from their joint list. The item received by the girl and the parents was selected

using a formula of decreasing probability of being chosen for the least preferred goods.

We measured bargaining by comparing where the preferences of the girl lie on the joint list. A girl
with more bargaining power would be able to place her preferred good towards the top of the joint
list. This helped us to measure the extent to which the girl can affect decisions made jointly in the

household.

H.2 Willingness to share an opinion

To measure the willingness to share an opinion in a group, we conducted an experiment inspired
by Baldiga (2014). In this experiment, girls worked in groups of about five students. The girls were
presented with a moral dilemma, for which there is no right or wrong answer; and for which the
answer was independent of factors like school attendance, empowerment, etc., our main outcomes of

interest.

The girls had to reach a group decision regarding the moral dilemma, where the decision was
chosen based on the highest number of votes. The girls voted their opinion and submitted their vote
in one of the two boxes. They could submit their vote in the “priority” box or in the “non-priority”
box. If they chose to submit their vote in the “priority” box, the answer was always read publicly, and
was counted as a valid vote. If an agreement had not been reached with the votes in the “priority”

box, then the “non-priority” box was opened. The votes in the “non-priority” box were only read if
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agreement was not reached with the votes in the “priority” box. To measure willingness to share an
opinion, we created a variable indicating one if the girl answered in the “priority” box and zero if she
answered in the “non-priority” box. This measured the extent to which the girl was willing to share

her opinion in a group, as a proxy for future political participation.

H.3 Problems with implementation

During the implementation of the behavioral games, we encountered some challenges related to the
cultural aspects of giving students goods for free. In this region of Zambia, receiving goods for free can
be seen as an unfriendly act and some of the families were becoming suspicious. Thus, we decided to
discontinue the games so as not to harm the rest of the data collection exercise. Before we discontinued

implementation, we had covered ten schools in the district of Monze.

Figure H.6: Example of List of Goods

1.
ID Girl: INDEPENDENT GIRL T
Nsimpa pr ~
vakusambila e 123456788910
Mabbuku &R
akulembela £ ff
7, 123456788910
N

Masokesi
akucikolo

Talk-time [ .
yamu phone o 12345678910
/8

Mahuta
akunana
(vaseline)

Twakubika |
mumasusu 123456782910

Tubbodela > Vo
twakubikila L'aﬁﬁ
meenda 1
akunywa

Simpa
yakuwashila
zyisani 12345678910

(Colgate yaku
sazyila
menyo

Munyo/sautu
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